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Soybean accounts from more than half of the acres dedicated to row crop
production in the mid-south, leading to a wide planting window from late-March through
mid-July. Studies were conducted in 2013 and 2014 evaluating seven planting dates of
soybean, and their impact on agronomics. As planting was delayed, plant heights
significantly increased, increasing the potential for lodging. Canopy closure significantly
decreased as planting was delayed, leaving soybean more vulnerable to caterpillar pests.
Yield potential also significantly decreased as planting was delayed. Season long surveys
of insect pests and their arthropod natural enemies were conducted from 2013 to 2014 in
small plot studies, and in large plot studies from 2015 to 2016 across multiple planting
dates. The most common insect pests encountered in both studies were bean leaf beetles,
the stink bug complex, and soybean looper. The most common natural enemies
encountered were lady beetles, spiders, and the assassin bug complex. In general, insect
pests densities increased as planting was delayed, whereas natural enemies were higher in
earlier plantings or had no change throughout the planting windows. With the increased
difficulty of controlling some caterpillar pests such as soybean looper, new control tactics

need to be evaluated. A simulated Bt treatment was evaluated against a threshold, bug
only, and untreated control across multiple plantings in 2013 and 2014. The simulated Bt
treatment yielded significantly higher than the untreated control at plantings from earlyJune through mid-July. These were the only plantings that reached action threshold for
soybean looper. The simulated Bt and threshold treatments were not significantly
different from one another. In 2015 and 2016, a simulated Bt treatment plus threshold
was evaluated in a late planting situation. The simulated Bt plus threshold treatment
yielded significantly higher than the untreated control at the early-June and early-July
plantings. Also in 2015 and 2016, the simulated Bt treatment was evaluated against a
grower check on producer fields at 23 locations. The simulated Bt treatment resulted in
significantly higher soybean yields than the grower check.
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EFFECTS OF PLANTING DATE AND MATURITY GROUP ON MISSISSIPPI
SOYBEAN AGRONOMICS
Abstract
As cotton production has decreased over the past decade, soybean has become the
predominant crop in Mississippi, accounting for 65 percent of the total row crop
production in the state. To accommodate increased soybean production, planting dates
have expanded, spanning from late March through July. To determine the impact of this
expanded planting window on soybean development and yield, field experiments were
conducted at Starkville and Stoneville, MS, in 2013 and 2014. The treatments included
seven planting dates ranging from 25 March to 15 July and two soybean varieties (one
maturity group IV and one maturity group V variety). These studies were conducted
under irrigated high yielding environments. Plots were sampled weekly for insect pests
and insecticides were applied when populations exceeded levels where applications are
recommended. Planting date had a significant impact on crop development, plant height,
canopy closure, and yield. As planting date was delayed, the time required for crop
development decreased from 122 total days for plantings on 25 March to 83.25 days for
plantings on 15 July. For plantings after 2 June plant height decreased by 1.12 cm per
day. Canopy closure decreased by 1.01 percent per day after 27 May. Soybean yield
decreased 26.66 kg/ha per day, when soybean was planted after 20 April.
1

Introduction
Mississippi soybean, Glycine max (L.) Merr., production has increased from
676,113 hectares in 2006 to 890,688 hectares in 2014 (NASS 2014). With soybean being
planted on sixty percent of the area dedicated to agronomic crop production (NASS,
2014), it has become the third most economically important commodity in Mississippi,
behind forestry and poultry (NASS 2014). This increase in production has resulted in
soybean being planted over a wider period (late-March to late-June), compared to the
early 2000’s, when plantings occurred from early-April to mid-May.
In the early 2000’s, the Early Soybean Production System (ESPS) was introduced
into the mid-South as a way to increase yield potential. Recommended practices for the
ESPS include planting Maturity Group IV or early-Maturity Group V soybean cultivars
from late-March through late-April (Heatherly 2005). Prior to these recommendations,
growers planted late Maturity Group V and Maturity Group VI soybean cultivars during
May and later (Heatherly 2005). The ESPS was developed as a method to avoid drought
and high temperatures during the reproductive stages that can stress soybean and decrease
yield potential (Bowers 1995). Currently, growers plant the same maturity groups
throughout the entire planting window. During 2003, 36% of the soybean crop across the
mid-southern states of Arkansas, Louisiana, and Mississippi was planted before 1 May,
28% between 1 May-to-1 June, and 36% after-31 May (Heatherly 2005). Not only does
the ESPS provide for greater yield potential, but also can aid in weed control and insect
pest management (Carner et al., 1974, Poston et al., 2007).
With cotton acres decreasing and grains increasing over the last decade in the
region, it is more difficult to plant all the soybean acres on large farms in an early
2

window. Most growers utilize the same equipment to harvest soybean, corn, and grain
sorghum. When soybeans remain in the field for extended periods of time after reaching
maturity, it is common for pods to shatter, resulting in yield loss. Many growers now
utilize planting date and maturity level to manage timely harvest of the crop and to plan
for the crop maturing at different intervals to minimize in-field yield loss, and as a plan
for harvest equipment efficiency. However, growers are still predominantly utilizing
indeterminate maturity group IV and V soybean varieties.
Because planting dates for soybean range from late-March through mid-June,
knowing the yield potential of soybean based on planting date alone, and how planting
date affects other agronomic aspects of soybean production is important. The objective
of this study was to determine the impact of planting date on soybean development and
yield.
Materials and Methods
Soybean was planted on seven dates at the R.R. Foil Experiment Station in
Starkville, MS and the Delta Research and Extension Center in Stoneville, MS in 2013
and 2014 to evaluate how planting date affects plant development and yield. The planting
dates ranged from the third week of March to the second week of July, with
approximately two weeks between each planting (Table 1.1). At each planting date, two
different indeterminate varieties, a maturity group IV variety (Asgrow® 4632, Monsanto
Company, St. Louis, MO) and a maturity group V variety (Asgrow® 5332, Monsanto
Company, St. Louis, MO) were planted at each location to represent the most common
maturity groups planted in Mississippi.
3

The experiment was arranged as a split-block within a randomized complete
block design. A split-plot design was used to manage harvest within each planting date.
The main-plot factor was planting date and the sub-plot factor was soybean maturity
group. Plot sizes were 3.86m wide by 19.81m long with a row width of 96.52cm in
Starkville and 101.6cm in Stoneville, and were planted at density of 271,700 seeds per
hectare. There were four replications for each planting date and variety per location.
Both locations used conventional tillage practices, and were irrigated during both years.
An automatic application of azoxystrobin (Quadris®, Syngenta Crop Protection,
Greensboro, NC) at 109.3 g ai/ha was applied to all plots at the R3 growth stage. The
soil type at the Starkville location was a Marietta fine sandy loam (Fine-loamy, siliceous,
active, thermic Fluvaquentic Eutrudepts) and a Bosket very fine sandy loam (Fine-loamy,
mixed, active, thermic Mollic Hapludalfs) at the Stoneville location. Both locations were
fertilized based on soil tests conducted the previous fall. No fertilizer was needed in
either year in the Starkville location but P2O5 at 44.8 kg/ha and K2O at 67.3 kg/ha was
applied in the Stoneville location both years. All plots were treated for insects based on
action threshold recommendations in the Insect Control Guide for Agronomic Crops
(Catchot et al., 2016) published by the Mississippi State University Extension Service
(Table 1.2). The only pests that reached action thresholds were a complex of stink bugs
consisting of green stink bug (Acrosternum hilare, Say), southern green stink bug
(Nezara viridula, L.), and brown stink bug (Eushistus servus, Say);, soybean looper
(Chrysodeixis includens, Walker);, and bean leaf beetle (Cerotoma trifurcata, Forster).
Final plant heights were recorded at the R6 growth stage, (seeds filling the pod
cavity in the four upper most nodes; Fehr et al., 1971), using meter sticks to measure the
4

length between the base of the plant to the highest node on the plant. Canopy closure was
also recorded on the same day as plant heights by measuring the average centimeters of
open canopy between the rows at ten locations per plot, then converting this number to a
percentage of closed canopy based on row spacing. Growth stages were recorded weekly
from the R1 (first flower) growth stage until the R7 (first brown pod) growth stage (Fehr,
et al., 1971). Plots were harvested independently based on planting date and maturity
group using a two row Kincaid (Massey Ferguson) 8XP plot combine, equipped with a 2
meter platform header and data collection system that tested for seed moisture and test
weight of each individual plot at the R8 growth stage when moisture content was
approximately 13 percent.
Data for days to emergence, R1, and R7 were analyzed with analysis of variance
(PROC GLIMMIX. Version 9.4, SAS Institute Inc., Cary, NC). The fixed effects were
planting date, maturity group, and the interaction between planting date and maturity
group. The random effects included site-year (location by year), replication nested within
site-year, replication by planting date nested within site-year, and replication by planting
date by maturity group nested within site-year. It was determined that there were data
trends over planting dates, so a regression analysis was done to make a prediction of how
soybean responded among the seven planting dates. Data for plant heights, percent
canopy closure and yield were analyzed using piecewise regression (Ryan and Porth
2007) in PROC GLIMMIX so that a random statement that included site-year, replication
nested within site-year, replication by maturity group nested within site-year, and
replication by planting date by maturity group nested within site-year could be utilized.
With the piecewise regression two slopes are given along with an exact breakpoint of
5

where the slopes change. For final plant heights, percent canopy closure, and yields, there
was no significant interaction between planting date and maturity group, and therefore
data were pooled across maturity groups at each planting date. For all data, planting date
is represented by the Julian date for the date of planting. Additionally, the correlation
between all of the dependent variables measured and soybean yields were determined
(PROC CORR, Version 9.4, SAS Institute, Cary, NC).
The first planting in both 2013 (Stoneville) and 2014 (Starkville) (Julian day 8098) had less than sufficient plant densities due to cold temperatures and moisture,
whereas the maturity group V plots for the last planting date (Julian day 196-197) did not
have sufficient soil moisture following planting, leading to poor emergence and
insufficient plant density during 2014 (Stoneville) (Table 1.3). Observations for these
planting dates were excluded from all analyses. Plots for all other planting dates had
plant densities that ranged from 229,710 (85% of the seeding rate) plants per hectare to
259,350 (95% of the seeding rate) plants per hectare which were deemed sufficient for
the experiments.
Results and Discussion
Soybean growth, development, and yield varied among the seven planting dates in
this study. Significant differences were observed for the number of days it took to reach
emergence (F=24.9; df=6; P<0.01), R1 (F=4.0; df=6; P=0.01), and R7 (F=64.7; df=6;
P<0.01) among planting dates. Soybean planted before mid-May (Julian day 132) took
longer to emerge than soybean planted after that time (Table 1.4). This same trend was
observed for days to the R1 growth stage where the significant change in days from
planting to R1 did not occur until soybean were planted in early-June (Julian day 155).
6

Soybean planted in mid-May (Julian day 132) were not significantly different than
plantings that occurred before or after this date. For days from planting to R7 there was a
steady decline from the 25 March (Julian day 84) planting through the mid-July (Julian
day 197) planting with a loss of 47.5 total days from the earliest planting to the latest
planting. These data are consistent with multiple studies indicating that as planting is
delayed, developmental time of soybean is more rapid, potentially impacting plant height,
canopy closure, and yield (Bastidas et al., 2008, Thomas and Raper 1976, Zhang and Du
1999, Zhang et al., 2004). With increased developmental time, plant heights can
increase, leading to a greater chance of lodging. Canopy closure is also highly dependent
on developmental time. Without the proper amount of time the canopy will not fully
close, which can hinder photosynthesis and in turn decrease yield. Yield is directly
impacted by both canopy closure and plant height, and without adequate developmental
time, yield potential will decrease in soybean.
Final plant heights ranged from 38.35 cm to 142.24 cm with an average height of
85.75 cm. There was no significant interaction between planting date and maturity group
for plant height (F=1.48; df=5, 60, P= 0.21). Therefore, data were pooled across maturity
groups for regression analysis. Significant relationships were observed between planting
date and final plant height (Table 1.5). Based on the piecewise regression, a change in
slope was observed with the early June plantings (Julian day 153), with soybeans planted
on this date achieving the greatest plant height (Figure 1.1). For planting dates from 25
March (Julian day 84) to 2 June (Julian day 153) final plant heights increased by 0.34 (±
0.03) cm per day. For planting dates from 2 June (Julian day 153) to 16 July (Julian day
197) final plant heights decreased by 1.12 (± 0.03) cm per day. Soybean planted from 8
7

May (Julian date 128) through 16 June (Julian date 167) resulted in minimal lodging but
this was not quantified, and may have impacted yields (Cooper 1981) for those planting
dates. Previous research indicates a similar response in that soybean planted in June
reached a greater final plant height when compared to those planted before June resulting
in greater lodging (Beatty et al., 1982, Sweeney et al., 1995). The day length and
temperature for plantings on 25 March (Julian day 84) and plantings on 15 July (Julian
day 197) vary greatly and the final plant heights may be affected by these factors (Zhang
and Du 1999).
Percent canopy closure ranged from 100 percent closed canopy to 31.58 percent
closed canopy with an average of 75.19 percent. There was no significant interaction
between planting date and maturity group for canopy closure (F=0.3; df=5, 188; P =0.84).
Therefore, data were pooled across maturity groups. Significant relationships were
observed between planting date and percent canopy closure (Table 1.5). Based on the
piecewise regression, a change in the slope occurred at the late May (Julian day 147)
planting date, with percent canopy closure decreasing significantly at later planting dates
(Figure 1.2). Peak percent canopy closure occurred with the 25 March (Julian day 84)
plantings. For planting dates from 25 March (Julian day 84) to 27 May (Julian day 147),
percent canopy closure decreased by 0.07 (± 0.02) percent per day, but percent canopy
closure decreased by 1.01 (± 0.02) percent per day for planting dates after 27 May (Julian
day 147). The early planting dates resulted in nearly complete canopy closure by R5,
while canopy closure for soybeans planted after 27 May (Julian day 147) achieved 89
percent closure or less, which reduces photosynthesis during seed filling stages which can
be yield limiting (Taylor, 1980). This lack of complete canopy closure could be
8

attributed to less time available for growth from planting to crop maturity (Table 1.4),
where the plantings on 25 March (Julian Day 84) required 122 days from emergence to
reach R7, compared to the 15 July (Julian day 197) plantings that only required 83.25
days from emergence to reach R7, similar to results where later planted soybean resulted
in fewer total days from emergence to maturity (Zhang et al., 2004). The lack of days for
later planted soybean to reach maturity can be attributed to the shortening of day length
throughout the growing season. Egli and Bruening (2000) observed that May plantings of
soybean resulted in more biomass than those that were planted in June. Furthermore, a
fully closed canopy, can aid in weed control due to reduced sunlight reaching the soil
surface (Poston et al., 2007). This may assist with the management of herbicide resistant
weeds that are common in the mid-South. Nordby et al (2007) reported lower
Amaranthus palmeri L., densities in soybeans with closed canopies compared to those
with more open canopies.
Yield ranged from 6321 kg/ha to 1372 kg/ha with an average yield of 3542 kg/ha.
There was no significant interaction between planting date and maturity group observed
for yield (F=0.38; df=5, 128; P=0.86), therefore data were pooled across maturity groups.
A significant relationship was observed between planting date and yield (Table 1.5).
Based on the piecewise regression, a change in the slope was observed for mid-April
plantings (Julian day 110), the planting date where yield was maximized (Figure 1.3).
For planting dates from 25 March (Julian day 84) to 20 April (Julian day 110), yield
increased by 34.26 (± 6.67) kg/ha per day, while yield decreased by 26.64 (± 1.92) kg/ha
per day for planting dates from 20 April (Julian day 110) to 16 July (Julian day 197).
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All of the variables measured in this study had a significant correlation with
soybean yields (Table 1.6). However, none of the correlations were strong based on the
correlation coefficients. In general, plant heights had a poor correlation (r=0.40) with
yield. This would be expected because lodging occurred with the tallest plants and yields
were negatively impacted when that occurred. Percent canopy closure had a relatively
good correlation (r=0.57) with soybean yields (Table 1.6). Plots with the highest
percentage of canopy closure produced the greatest yields. In terms of development
times, days to plant emergence had a poor correlation (r=0.29) with yield. As the season
progressed, days to R1 had a marginal correlation with yield, and days to R7 had a good
correlation with yield (Table 1.6). These results suggest that all of these factors are
important for maximizing soybean yields, but no single factor was strongly correlated
with yield. This is most likely because the relationships between all of these factors and
yield were not linear but quadratic.
These experiments were conducted under intensively managed, irrigated growing
environments and results may not be representative for other environments. Plots were
irrigated weekly from the R1 growth stage through the R6 growth stage. At each
irrigation interval, plots were watered until the water came out of the end of the field. In
regions without irrigation, or with limited rainfall, planting date could have an even
larger impact on yield potential of soybean (Savoy et al., 1992). The increase in yield for
the earlier plantings was most likely due to optimal growing conditions with cooler
temperatures compared to later plantings with high temperatures and little rainfall. With
that being said, results from the 2013 and 2014 experiments were similar to studies
conducted in Oklahoma during 2009 and 2010, where plantings before mid-May resulted
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in greater yields than later plantings (after mid-May) of soybean (Barreiro and Godsey
2013). In regional analyses across the mid-Southern portion of the United States,
soybeans planted after early-May had significantly lower yields than soybeans planted
before early-May (Egli and Bruening 2000, Egli and Cornelius 2009).
Conclusion
Plant height increases when soybean are planted early, but starts to decrease with
plantings after early June. Lodging was only observed in plantings between mid-May and
mid-June which can cause direct yield losses. Lodging was due in large part to the height
the plants reached which amplified the effect wind had on the plants, also after the
experiment was conducted it was discovered that the Maturity Group V variety used is
prone to lodging but the same amount of lodging was observed in the Maturity Group IV
plots. Growers should try to plant early in the planting window to avoid these losses or
choose varieties with less growth potential when planting in this window.
Canopy closure was affected by planting date, but did not have a major decrease
in canopy closure until soybean were planted after late-May. Knowing this and the
current state of resistant weed control issues throughout Mississippi, early plantings of
soybean where the canopy reaches full closure will help aid in controlling resistant weed
populations. As the canopy closes it blocks sunlight from reaching the soil surface,
which in turn can prevent or inhibit the emergence and growth of these problematic
weeds (Poston et al., 2007).
Yield is the most important factor to a soybean farmer and was also highly
effected by planting date. After 20 April growers start to lose yield potential, which
directly effects their potential profit for the growing season. This becomes an even larger
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factor in times where commodity prices are in decline and the price to grow soybean is
increasing. In this study over these two years, yield was maximized on 20 April, and
growers should attempt to plant between 10 April and 1 May to optimize yield potential.
In light of these findings, growers in Mississippi should attempt to plant in the
mid-April planting window to maximize soybean yield potential, aid in weed
management, prevent late season lodging, and possibly avoid late season insect
infestations. Soybean planted too early, or too late, may be negatively impacted by
environmental conditions that are not ideal for quality stand emergence. As seen in the
first planting in 2013 (Stoneville) and 2014 (Starkville) poor emergence occurred due to
low temperatures and excess moisture caused by rainfall both before and after planting.
Also for the last planting in 2014 (Stoneville) poor emergence was observed due to a lack
of soil moisture, and the plots had to receive an irrigation event to promote emergence
and after this event the stand was poor and ununiformed. Early planting dates for
soybean is an effective tool in managing many compounding stress factors that affect
soybean production in Mississippi and similar geographies.

12

Table 1.1

List of planting dates (Julian dates) for Maturity Group IV and V soybean in
the Hills and Delta regions of Mississippi during 2013 and 2014.

Hills (Starkville, MS)
Delta (Stoneville, MS)
2013
2014
2013
2014
Date of
Date of
Date of
Date of
Planting
Planting
Planting
Planting
Planting Date
(Julian Date)
(Julian Date)
(Julian Date)
(Julian Date)
1
3/28 (87)
3/21 (80)*
4/8 (98)*
3/25 (84)
2
4/17 (107)
4/17 (107)
4/15 (105)
4/16 (106)
3
5/9 (129)
5/8 (128)
5/8 (128)
5/12 (132)
4
5/30 (150)
6/4 (155)
5/30 (150)
6/3 (154)
5
6/13 (164)
6/16 (167)
6/13 (164)
6/13 (164)
6
7/1 (182)
6/30 (181)
7/1 (182)
6/30 (181)
7
7/15 (196)
7/16 (197)
7/15 (196)
7/16 (197)*
* Soybean plant densities were not sufficient for these planting dates because of adverse
environmental conditions during the germination and emergence period and were not
included in the analyses.
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Table 1.2

List of insecticide applications for each trial. Applications were made when
the listed insect species exceeded treatment threshold. Planting date is in
Julian Days.
Threshold Insecticide Applications

Location
and
Planting
Date

Application
Date

1

19-July

Stink Bugs

4

29-Aug.

5

6

7

Insect Pest

Chemical

Common Name

Rate

Karate Z

33.6 g ai/ha

Soybean
Loopers

Lambdacyhalothrin

Belt

Flubendiamide

70.1 g ai/ha

13-Sept.

Stink Bugs

Karate Z

33.6 g ai/ha

29-Aug.

Soybean
Loopers

Lambdacyhalothrin

Belt

Flubendiamide

70.1 g ai/ha

13-Sept.

Stink Bugs

Karate Z

33.6 g ai/ha

29-Aug.

Soybean
Loopers

Lambdacyhalothrin

Belt

Flubendiamide

70.1 g ai/ha

13-Sept.

Stink Bugs

Karate Z

13-Sept.

Stink Bugs

Karate Z

Hills 2013

Delta 2013
5

6

Lambdacyhalothrin
Lambdacyhalothrin

33.6 g ai/ha
33.6 g ai/ha

3-Sept.

Bean Leaf
Beetle

Endigo
ZC

46.5 g ai/ha
34.7 g ai/ha

17-Sept.

Soybean
Loopers

Thiamethoxam+
Lambdacyhalothrin

Belt

Flubendiamide

70.1 g ai/ha

3-Sept.

Bean Leaf
Beetle

Endigo
ZC

46.5 g ai/ha
34.7 g ai/ha

17-Sept.

Soybean
Loopers

Thiamethoxam +
Lambdacyhalothrin

Belt

Flubendiamide

70.1 g ai/ha

Stink Bugs

Discipline
Orthene

Bifenthrin
Acephate

112.1 g
ai/ha
1155 g
ai/ha

27-Sept.
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Table 1.2 (Continued)
7

3-Sept.

27-Sept.

Bean Leaf
Beetles
Stink Bugs

Endigo
ZC
Discipline
Orthene

Thiamethoxam+
Lambdacyhalothrin
Bifenthrin
Acephate

112.1 g
ai/ha
1155 g
ai/ha

Bifenthrin
Acephate

112.1 g
ai/ha
1155 g
ai/ha

Delta 2014
5

17-Sept.

Stink Bugs

Bifenthrin
Acephate

7

28-Aug.

Bean Leaf
Beetle

Endigo
ZC

17-Sept.

Bean Leaf
Beetle

Endigo
ZC

15

46.5 g ai/ha
34.7 g ai/ha

Thiamethoxam+
Lambdacyhalothrin
Thiamethoxam+
Lambdacyhalothrin

46.5 g ai/ha
34.7 g ai/ha
46.5 g ai/ha
34.7 g ai/ha

Table 1.3

Year
2013

2014

Populations for 2013 and 2014 by location and variety based on stand
counts taken at emergence.
Location
Starkville

Variety
4632

Starkville

5332

Stoneville

4632

Stoneville

5332

Starkville

4632

Planting Date
(Julian Day)
1 (80-98)
2 (105-107)
3 (128-132)
4 (150-155)
5 (164-167)
6 (181-182)
7 (196-197)
1 (80-98)
2 (105-107)
3 (128-132)
4 (150-155)
5 (164-167)
6 (181-182)
7 (196-197)
1 (80-98)
2 (105-107)
3 (128-132)
4 (150-155)
5 (164-167)
6 (181-182)
7 (196-197)
1 (80-98)
2 (105-107)
3 (128-132)
4 (150-155)
5 (164-167)
6 (181-182)
7 (196-197)
1 (80-98)
2 (105-107)
3 (128-132)
4 (150-155)
5 (164-167)
6 (181-182)
7 (196-197)
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Plants/Ha
233,859
231,563
230,791
256,880
255,028
247,309
238,818
241,560
237,895
237,274
258,369
246,383
235,422
240,362
92,156
245,621
259,350
259,041
259,350
238,658
237,274
81,235
229,845
259,300
257,841
258,742
241,785
229,984
89,228
245,363
231,563
230,791
256,880
255,028
247,309

Percent of
Planted Population
86
85
85
95
94
91
88
89
88
87
94
91
87
88
34*
90
95
95
97
88
87
30*
85
95
94
94
89
85
33*
90
85
85
95
94
91

Table 1.3 (Continued)
95,866
1 (80-98)
35*
229,710
2 (105-107)
85
230,669
3 (128-132)
85
237,274
4 (150-155)
87
262,746
5 (164-167)
97
246,383
6 (181-182)
91
235,422
7 (196-197)
87
4632
238,759
1 (80-98)
Stoneville
88
258,383
2 (105-107)
95
259,041
3 (128-132)
95
264,290
4 (150-155)
97
231,985
5 (164-167)
85
239,877
6 (181-182)
88
245,125
7 (196-197)
88
5332
257,034
1 (80-98)
Stoneville
95
259,350
2 (105-107)
95
264,290
3 (128-132)
97
264,290
4 (150-155)
97
231,569
5 (164-167)
85
236,555
6 (181-182)
87
116,532
7 (196-197)
43*
Percentages that are denoted with an * were removed from the final analysis.
Starkville

5332
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Table 1.4

Total days from planting to reach selected growth stages across maturity
groups.
Average Days From Planting to Growth Stage (± SEM)

Planting date
Emergence
R1
R7
(Julian Day)
1 (80-98)
9.96 (1.00) a
46.00 (1.00) a
133.50 (2.50) a
2 (105-107)
8.75 (0.48) a
46.00 (1.73) a
120.75 (3.20) b
3 (128-132)
9.25 (0.75) a
39.00 (1.58) ab
111.00 (1.08) c
4 (150-155)
5.50 (0.29) b
38.50 (2.33) b
101.50 (1.55) d
5 (164-167)
6.25 (0.63) b
36.75 (1.38) b
99.00 (1.58) d
6 (181-182)
6.00 (0.41) b
38.00 (0.41) b
89.75 (1.93) e
7 (196-197)
5.50 (0.29) b
35.00 (3.49) b
86.00 (0.71) e
P-value
<0.01
<0.01
<0.01
Means within column followed by the same letter are not significantly different according
to Fisher’s Protected LSD test (α=0.05).

Table 1.5

Linear regression terms for all results and the break points for piecewise
regression analyses.

Data Rated

BP

Intercept
(±SEM)

Linear Term
Estimate (±SEM)

tvalue

df

P-value

Plant Heights
153
Before BP
51.7 (4.2)
0.3449 (0.03)
13.35 369.3
<0.01
After BP
278.4 (6.0)
-1.124 (0.03)
-34.60 429.0
<0.01
Canopy
147
Closure
Before BP
99.9 (1.9)
-0.0697 (0.02)
-4.67 334.0
<0.01
After BP
239.5 (4.3)
-1.0134 (0.02)
-51.26 406.7
<0.01
Yield
110
Before BP
1125.7 (861.0)
34.26 (6.7)
5.13
5.5
0.03
After BP
7709.5 (422.1)
-26.64 (1.9)
-13.86 123.6
<0.01
BP is the abbreviation for break point, which is the point at which the slope changes
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Table 1.6

Correlations between yields and other dependent variables measured across
7 planting dates of maturity group IV and V soybean in 2013 and 2014 at
Starkville, MS and Stoneville, MS.

Dependent Variable
Plant Height at R6
Canopy Closure at R6
Days to Emergence
Days to R1
Days to R7

N
203
203
203
203
203

P
<0.01
<0.01
<0.01
<0.01
<0.01

r
0.40
0.57
0.29
0.49
0.57
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Figure 1.1

Piecewise regression for plant height by Julian Days.

The equation for the portion before the break point is y= 0.3449x (± 0.0258) + 51.68 (±
4.1271) with a P-value of <0.01. The equation for the portion after the break point is y= 1.124x (± 0.0325) + 278.37 (± 5.971) with a P-value of <0.01. The break point between
the two slopes is 153 Julian days. Y=height and x=planting date.
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Figure 1.2

Piecewise regression for percent canopy closure.

The equation for the portion before the break point is y= -0.0697x (± 0.015) + 99.89 (±
1.853) with a P-value of <0.01. The equation for the portion after the break point is y= 1.0134x (± 0.0198) + 239.54 (± 5.971) with a P-value of <0.01. The break point is 147
Julian days. Y= percent canopy closure and x=planting date.
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Figure 1.3

Piecewise regression for yield.

The equation for the portion before the break point is y=34.2622x (± 6.6732) + 1125.69
(± 861.02) with a P-value of <0.01. The equation for the portion after the break point is
y= -26.6436 (± 1.9229) + 7709.51 (± 422.11) with a P-value of 0.03. The break point is
110 Julian days. Y=yield and x=planting date.
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SEASONAL OCCURRENCE OF INSECT PESTS OF SOYBEAN ACROSS
MULTIPLE PLANTING DATES AND GEOGRAPHIES IN MISSISSIPPI
Abstract
In the southern U.S., multiple insects occur at different points throughout the
growing season in soybean. Two experiments were conducted to evaluate the effects of
planting date on the occurrence of insect pests of soybean. During the growing seasons
of 2013 and 2014 soybean was planted on seven dates and monitored weekly during the
reproductive stages for all insect pests. The highest pest pressure observed from
defoliating caterpillars was in later plantings, but early plantings acted as a trap crop for
early season stink bugs. Additionally, surveys were conducted throughout Mississippi
during the summers of 2015 and 2016. Surveys showed that overall insect pressure was
higher in the Hills region compared to the Delta region, but greater numbers of insect
pests above threshold were found in the Delta region. These data indicate that insect pest
pressure can be highly variable depending on year, region, planting date, and growth
stage of soybean. In general, greater populations of insect pests were observed in later
plantings of soybean suggesting that growers may avoid damaging levels of insect pests
with earlier planting dates.
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Introduction
Various insect pests can reduce soybean yield. In Mississippi and surrounding
states, the main insect pests that cause yield losses are the stink bug complex (Hemiptera:
Pentatomidae); corn earworm, Helicoverpa zea (Boddie); and soybean looper,
Chrysodeixis includens (Walker) (Musser et al., 2015). These pests cost soybean growers
in Mississippi millions of dollars a year in crop losses plus costs of control. The Early
Soybean Production System (ESPS) was developed for the mid-South to avoid late
season stresses from heat and drought (Heatherly and Spurlock 1999). This production
system also provided the added benefits of avoiding late season insect infestations in
soybean. The ESPS is defined by the planting of earlier maturing varieties of soybean
(maturity group IV and V) from mid-April to early-May compared to later maturing
varieties (maturity group VI and VII) planted from late-May to mid-June. Earlier
maturing soybean varieties typically have an indeterminate growth habit, where
vegetative growth continues after the initiation of flowering. In contrast, with
determinate varieties typically found in maturity group VI and VII, all or almost all
vegetative growth occurs prior to the initiation of flowering (Savoy et al., 1992).
Utilization of early planting and early maturing varieties allows the soybean crop to
mature before late season insect pests develop high populations and cause yield losses
(Baur et al., 2000).
The primary stink bugs in the stink bug complex include the green stink bug,
Acrosternum hilare (Say); southern green stink bug, Nezara viridula L.; and brown stink
bug, Euschistus servus (Say) (Funderburk, et al., 1999). Two other stink bugs that occur
commonly in Mississippi include the redbanded stink bug, Piezodorus guildinii
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(Westwood), and the redshouldered stink bug, Thyanta custator (F.), but populations of
these species can be sporadic. Stink bugs feed on developing seed of soybean, and this
feeding has been shown to cause delayed crop maturity, fruit abortion, and in some cases
transmission of pathogens (Panizzi et al., 2000, Vyavhare et al., 2015). While the ESPS
can help avoid late season populations of some pests, early planted soybean can also act
as a trap crop for stink bug (Baur et al., 2000, Smith et al., 2009), and bean leaf beetle,
Ceratoma trifurcata (Förester) (Baur et al., 2000).
Soybean looper, along with green cloverworm, Hypena scabra (F.), and
velvetbean caterpillar, Anticarsia gemmatalis (Hübner), are economically important
defoliating caterpillars in southern U.S. soybean (Musser et al., 2015). They can be
present throughout the growing season, but are more commonly found later in the
growing season (Carner et al., 1974, Higley and Boethel 1994), typically when soybeans
are in the reproductive stages. The reproductive stages of soybean are the most sensitive
to yield losses from defoliation, especially the early stages of fruit development spanning
from R3 to R5 (Owen et al., 2013). The late occurrence of these pests is due to their
migratory nature and inability to overwinter in most areas of the U.S., all though green
cloverworm can over winter in the southern U.S. (Beach and Todd 1988, Higley and
Boethel 1994). Several species of beetles can cause defoliation in addition to caterpillars.
Of these beetles, the bean leaf beetle has the most economic importance in the southern
U.S. (Smelser and Pedigo 1992, Higley and Boethel 1994, Musser et al., 2015). In
addition to defoliation, bean leaf beetle will also feed on soybean stems and pods
(Smelser and Pedigo 1992).
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A new pest of soybean, the kudzu bug, Megacopta cribraria (F.), is an invasive
species that was introduced to the U. S. during 2009 (Del Pozo-Valdivia et al., 2016) and
was first documented in Mississippi soybean in 2013. It has piercing sucking mouthparts
and feeds on the stems and petioles of soybean plants (Del Pozo-Valdivia et al., 2016).
In many cases, populations of kudzu bug increase drastically later in the growing season,
after the second generation emerges (Seiter et al., 2013). Another common piercing and
sucking insect that feeds similarly to the kudzu bug is the threecornered alfalfa hopper,
Spissistilus festinus (Say). This pest can have serious implications on soybean yield
when feeding occurs during the seedling stages of plant development until the plant is at
least 25 cm tall (Higley and Boethel 1994). Similar to the kudzu bug, population
densities increase throughout the growing season (Baur et al., 2000), but have not been
shown to consistently cause yield losses in reproductive stage soybean (Sparks and
Newsom 1984, Sparks and Boethel 1987, Pulakkatu-thodi 2010, Ramsey 2015).
Because the key insect pests typically have larger populations later in the growing
season, it is important to know how planting date impacts these populations. The purpose
of this experiment was to investigate the impact of seven different planting dates and two
maturity groups on the seasonal occurrence of multiple insect pests of soybean. The
objective was to build risk models for these insect pests based around planting date to
determine when soybean are most vulnerable in Mississippi and at similar latitudes of the
southern U.S. These risk models will also determine whether the occurrence of insect
pests is impacted more by planting date, growth stage, or calendar event.
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Materials and Methods
Small Plot Study
Soybean were planted on seven dates in the Hills and Delta regions of Mississippi
during 2013 and 2014 to study how planting date affects insect pest populations. Planting
dates ranged from the third week of March to the second week of July with
approximately two weeks between each planting. The planting dates used were late-Mar
(21 Mar to 8 Apr), mid-Apr (15 Apr-17 Apr), mid-May (8 May-12 May), early-Jun (30
May-4 Jun), mid-Jun (13 Jun-16 Jun), early-Jul (30 Jun-1 Jul), and mid-Jul (15 Jul-16
Jul). Soybean were planted at the R.R. Foil Experiment Station in Starkville, MS to
represent the Hill region and at the Delta Research and Extension Center in Stoneville,
MS to represent the Delta region. Two indeterminate varieties were planted at each
location to represent the most common maturity groups planted in Mississippi, a maturity
group IV variety (Asgrow® 4632, Monsanto Company, St. Louis, MO) and a maturity
group V variety (Asgrow® 5332, Monsanto Company, St. Louis, MO). The experiment
was arranged as a split-block within a randomized complete block design. A split-plot
design was used to manage harvest within each planting date. The main-plot factor was
planting date and the sub-plot factor was maturity group. Plot sizes were 3.86 m wide by
19.81 m long on 96.5 cm centers, planted at 271,700 seed/Ha with four replications.
Both regions were irrigated as needed in both years. All plots were sampled once per
week beginning at R1 (first flower) growth stage until reaching the R7 (first brown pod)
growth stage using a standard 38.1 cm diameter sweep net at 25 sweeps per plot.
Samples were placed into 3.8 L Ziploc® bags, frozen at 0⁰ C for 48 hours, and all insect
pests were counted in the laboratory. Four insect management treatments were imposed
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on plots within each planting and maturity group combination. Treatments consisted of a
threshold treatment, where plots were treated when any insect pest reached the action
threshold published by Mississippi State University (Catchot, et al., 2016). There was
also a preventative treatment for caterpillar pests, where plots were treated every two
weeks from the R1 through the R7 growth stage with chlorantraniliprole (Prevathon®,
Dupont Crop Protection, Newark, DE) (minimal activity against most non-caterpillar
pests) at 75.3 g ai/ha. A preventative treatment for non-caterpillar pests was also
implemented, where dimethoate (Dimethoate 4EC, Drexel Chemical Company,
Memphis, TN) (minimal activity against caterpillar pests) was applied at 560.7 g ai/ha, at
the R1, R3, and R5 growth stages. The fourth treatment was an untreated control, where
plots where never treated for insect pests. For the purposes of this paper, only the
untreated control plots were included in the analysis.
Large Plot Study:
During the 2015 and 2016 growing seasons insect populations were surveyed in
69 and 100 grower fields across the state of Mississippi, respectively. Surveys were
conducted between the latitudes of 34⁰ 17’3, 49⁰N and 32⁰ 18’42.73⁰N, and the
longitudes of 90⁰ 55’11.87⁰N and 88⁰ 20’57.31⁰W. Fields throughout the Hills and Delta
regions of Mississippi were chosen randomly and placed within one of three planting date
categories. The planting date categories consisted of early planted soybean (planted
before 1 May), normal planted soybean (planted between 1 May and 1 Jun), and late
planted soybean (planted after 1 Jun). Fields were sampled weekly from the R1 (first
flower) through R7 (first brown pod) growth stages. One hundred sweeps per field were
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taken weekly with a 38.1 cm sweep net. All insect pests of soybean were counted and
recorded. Pests consisted of bean leaf beetle, soybean looper, green stink bug, brown
stink bug, southern green stink bug, redbanded stink bug, threecornered alfalfa hopper,
and kudzu bug.
Data Analysis:
All data were analyzed with SAS version 9.4 (SAS Institute Inc., Cary, NC). To
build insect risk models based on the seasonal occurrence of soybean insect pest, the
PROC FREQ procedure was utilized. Sampling data were categorized according to
sampling date into the following categories <15 Jun, 15 Jun-15 Jul, 15 Jul-15 Aug, 15-15
Sep, and >15 Sep. Also for this analysis insect numbers were categorized as zero, subthreshold, and over threshold. For the sub-threshold and over threshold categories, the
action thresholds published in the Mississippi Insect Control Guide for Agronomic Crops
(Catchot, et al., 2016) published by Mississippi State University were used.
Nonparametric analyses (PROC NPAR1WAY, SAS Institute Version 9.4) were
used for analysis of variance for insect pests by sample date, growth stage, planting date,
year, and region. The Kruskal-Wallis test based on Wilcoxon Rank Sums was used with
the Dwass, Steel, Critchlow-Fligner method for multiple comparisons to obtain mean
separations. This method was used because all insect pests had non normal distributions
based the Shapiro-Wilks (W=0.06-0.78, P<0.01) test in PROC UNIVARIATE (SAS
Institute Version 9.4). All differences in means were determined using an alpha level of
0.05.
For both the frequency analysis and the Kruskal-Wallis tests for the small plot
study, maturity group was pooled. These data were pooled because the varieties for both
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maturity groups had relatively the same amount of insect pests at each sampling period.
The current threshold for bean leaf beetle in Mississippi is based on defoliation levels and
not on actual insect counts (Catchot, et al., 2016), but for the purposes of this paper 0
bean leaf beetles per 25 sweeps was represented by the Zero category, 1 to 50 bean leaf
beetles per 25 sweeps present was represented by the Sub-Threshold category, and >50
bean leaf beetles per 25 sweeps was represented by the Over-Threshold category. This is
similar to thresholds used in Louisiana for bean leaf beetles, where the threshold is 2 bean
leaf beetles per 25 sweeps with 10% damaged pods (Beuzelin et al., 2016.) A similar
scale was used for total kudzu bugs and kudzu bug adults, with 1 to 25 per 25 sweeps
being represented by the Sub-Threshold category, and >25 per 25 sweeps being
represented by the Over-Threshold category. No kudzu bug nymphs were found during
the small plot study and so only kudzu bug adults were included in the analysis for the
small plot study. For total insects, the above threshold category was if any species was
above threshold.
The Over-Threshold category for green stink bug, southern green stink bug, and
brown stink bug were >9 per 25 sweeps. The Over-Threshold category for redbanded
stink bug were >6 per 25 sweeps. The Over-Threshold category for threecornered alfalfa
hopper were >100 per 25 sweeps. The Over-Threshold category for velvetbean
caterpillar and green cloverworm were >38 per 25 sweeps. The Over-Threshold category
for soybean looper were >19 per 25 sweeps.
Regression analysis was also attempted to show population trends over time. The
equations for several species were best described by a 3rd-7th order polynomial because
of fluctuations in generation peaks over the course of the season. As a result, regression
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analyses are not reported, but figures were generated to illustrate general population
trends over time.
Results and Discussion
Bean Leaf Beetle
A significant effect of sample date (Small Plot Study:χ2 =358.31; df=8; P<0.01;
Large Plot Study: χ2 =417.63; df=8; P<0.01), growth stage (Small Plot Study:χ2=72.78;
df=10; P<0.01; Large Plot Study: χ2 =116.40; df=12; P<0.01), and planting date (Small
Plot Study: χ2 =318.20; df=12; P<0.01; Large Plot Study: χ2 =21.37; df=4; P<0.01) on
bean leaf beetle occurrence was observed in the frequency analysis. Bean leaf beetles
were found in almost all sample date, growth stage, and planting date categories (Table
2.1). In the small plot study, there was an increase in positive samples as sample date
progressed later into the growing season until the 15 Sep sample date category (Table
2.1). In the large plot study, there was a decrease in percent positive samples as sample
date progressed until the >15 Sep sample date category where samples positive samples
increased (Table 2.1). In the large plot study, >65% positive samples were observed for
all sample date categories (Table 2.1), whereas in the small plot study percent positive
samples ranged from 23.7% to 85.9% (Table 2.1). For samples that were observed above
threshold, the percentages for all sample dates ranged from 0.1 to 9.8 percent across both
studies (Table 2.1). A significant effect of sample date was observed in both studies
(Small Plot Study: χ2=503.03; df=4; P<0.01; Large Plot Study: χ2=196.39; df=4; P<0.01),
with significantly more bean leaf beetles observed for the 15 Aug-15 Sep sample date
category, compared to all other sample date categories for both studies (Table 2.2, Table
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2.3). Bean leaf beetles generally increased as sample date progressed (Figure 1A, Figure
2A).
In the small plot study, >50 percent positive samples was observed for all growth
stages, with the R6 growth stage having the highest percent positive samples (Table 2.1).
The highest percentage of over threshold samples was observed during the R5 growth
stage for the small plot study (Table 2.1). In the large plot study, >47 percent positive
samples was observed for all growth stages, with the R6 growth stage having the most
positive samples (Table 2.1). The highest percent of over threshold samples was
observed during the R7 growth stage for the large plot study (Table 2.1). Overall greater
densities of bean leaf beetle were observed during the R4-R6 growth stages than the other
growth stages for the small plot study (χ2 =106.07; df=5; P<0.01) (Table 2.4), and
significantly higher bean leaf beetle densities were observed during the R5-R7 growth
stages compared to the other growth stages for the large plot study (χ2 =175.49; df=6;
P<0.01) (Table 2.5).
As plantings were planted later into the growing season in the small plot trials, the
percentage of positive samples increased (Table 2.1). The highest percentage of positive
samples and over threshold samples were observed for the early Jul planting and mid-Jul
planting, respectively (Table 2.1). As plantings were planted later into the growing
season for the large plot study, percent positive samples increased for bean leaf beetles,
but the percent of samples over threshold decreased as plantings were planted later into
the growing season (Table 2.1). Significantly higher densities of bean leaf beetle were
observed in the early Jul and mid-Jul plantings than the other plantings in the small plot
trial (χ2=277.26; df=6; P<0.01) (Table 2.4). The late planted soybean in the large plot
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study also had significantly higher densities of bean leaf beetle compared to the other
plantings (χ2=34.54; df=2; P<0.01) (Table 2.5).
A significant effect of year (Small Plot Study: χ2 =50.09; df=1; P<0.01; Large
Plot Study: χ2 =10.83; df=1; P<0.01), and region (Small Plot Study: χ2 =106.07; df=5;
P<0.01; Large Plot Study: χ2 =78.14; df=1; P<0.01), was observed for bean leaf beetle
occurrence. More bean leaf beetles were collected during 2013 (μ=9.58, SEM=0.69)
compared to 2014 (μ=7.51, SEM=0.61), and more bean leaf beetles were collected in the
Delta region (μ=13.98, SEM=0.89) compared to the Hills region (μ=3.27, SEM=0.13) for
the small plot trial. Significantly more bean leaf beetles were observed during 2015
(μ=14.30, SEM=1.03) compared to 2016 (μ=9.19, SEM=0.57), and significantly more
bean leaf beetles were observed in the Delta region (μ=15.31, SEM=0.22) than the Hills
region (μ=6.48, SEM=0.49) for the large plot study.
Previous research conducted in Louisiana has shown that early plantings can act
as a trap crop for bean leaf beetle (Baur et al., 2000), but this was not the case during
these experiments. The current data are more similar to results from Iowa where bean
leaf beetle numbers increased throughout the growing season (Pedigo and Zeiss 1996).
Bean leaf beetle primarily injure soybean by defoliation, but can also feed on pods
(Boethel 2004), and transmit bean pod mottle virus (Pitre et al., 1979), a yield limiting
virus in soybean. With the threshold for bean leaf beetle in Mississippi being 20%
defoliation in reproductive stage soybean (Catchot et al., 2016), they can become
important at later planting dates in the Delta region of Mississippi, when late season
migratory caterpillar pests including soybean looper also occur. This can lead to
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economic levels of defoliation when high populations of both pests, are present resulting
in significant yield losses (Owen et al., 2013).
Threecornered Alfalfa Hopper
A significant effect of sample date (Small Plot Study: χ2 =94.54; df=8; P<0.01;
Large Plot Study: χ2 =384.25; df=8; P<0.01), growth stage (Small Plot Study: χ2 =71.01;
df=12; P<0.01; Large Plot Study: χ2 =66.19, df=12, P<0.01), and planting date (Small
Plot Study: χ2 =190.72; df=12; P<0.01; Large Plot Study: χ2 =4.60; df=2; P<0.01) was
observed for the occurrence of threecornered alfalfa hopper in the frequency analysis
(Table 2.1). Threecornered alfalfa hopper was observed in all sample date, growth stage,
and planting date categories (Table 2.1). In the small plot study, there was an increase in
threecornered alfalfa hopper as sample date progressed later into the growing season
(Table 2.1). Also in the small plot study, the only sample date categories that had
samples over threshold were the 15 Aug-15 Sep and >15 Sep categories (Table 2.1). In
the large plot study, the most positive samples for threecornered alfalfa hopper were in
samples taken before 15 Jun (Table 2.1), with no sampling periods having threecornered
alfalfa hopper over threshold (Table 2.1). There were >70% positive samples for
threecornered alfalfa hopper in all sample date categories for both studies (Table 2.1). In
the small plot study, the >15 Sep sample date category had significantly more
threecornered alfalfa hopper than all other sampling periods (χ2=586.23; df=4; P<0.01)
(Table 2.2). In the large plot study, the 15 Aug-15 Sep and the >15 Sep sample date
categories had significantly more threecornered alfalfa hopper than all other sample date
categories (χ2=198.80; df=4; P<0.01) (Table 2.3). In the small plot study there was a
general increase throughout the growing season (Figure 1A), compared to the large plot
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study, where threecornered alfalfa hopper increased until mid-Sep before decreasing
(Figure 2A).
In the small plot study, there was an increase from 73.7% positive samples at the
R2 growth stage to 91.3% positive samples at the R7 growth stage (Table 2.1). The only
growth stages that had samples over threshold were the R5 and R7 growth stages for the
small plot trial (Table 2.1). In the large plot study, threecornered alfalfa hopper
fluctuated across growth stages (Table 2.1). All growth stages had >83% positive
samples, with no growth stage having samples over threshold for the large plot study
(Table 2.1). In the small plot study, significantly more threecornered alfalfa hopper were
observed during the R6 and R7 growth stages than all other growth stages (χ2 =135.04,
df=5, P<0.01) (Table 2.4). Significantly more threecornered alfalfa hopper were
observed during the R5 growth stage than the R1-R4 growth stages in the large plot study
(χ2 =132.04, df=6, P<0.01) (Table 2.5).
In the small plot study, the late Mar planting had the lowest percentage of positive
samples for threecornered alfalfa hopper, and the mid-Jun planting had the highest
percentage of positive samples for threecornered alfalfa hopper (Table 2.1).
Threecornered alfalfa hopper was observed to be over threshold in soybeans for all
planting dates, with those planted during early Jul having the highest percentage of over
threshold samples for the small plot study (Table 2.1). There was a general increase of
threecornered alfalfa hopper as planting was delayed for the small plot study (Table 2.1).
In the large plot study, no planting of soybean had threecornered alfalfa hopper over
threshold, but all plantings had >91% positive samples, with the late planted soybean
having the highest percentage of positive samples (Table 2.1). Significantly more
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threecornered alfalfa hopper were observed in the early Jul and mid-Jul plantings than all
other plantings for the small plot study (χ2 =467.15; df=6; P<0.01) (Table 2.6). The late
planted soybean had significantly more threecornered alfalfa hopper than the early or
normal plantings for the large plot study (χ2 =22.61; df=2; P<0.01) (Table 2.7).
A significant effect of year (Small Plot Study: χ2 =17.22; df=1; P<0.01; Large
Plot Study: χ2 =20.57; df=1; P<0.01), and region (Small Plot Study: χ2 =7.48; df=1;
P<0.01; Large Plot Study: χ2 =147.81; df=1; P<0.01) was observed for threecornered
alfalfa hopper. While significantly more threecornered alfalfa hoppers were observed
during 2014 (μ=6.85, SEM=0.25), the difference was small, with an average of one more
threecornered alfalfa hopper observed during 2014 compared to 2013 (μ=5.87,
SEM=0.22) for the small plot study. Ten more threecornered alfalfa hopper were present
per sample in 2015 (μ=28.67, SEM=1.33) compared to 2016 (μ=17.31, SEM=0.60) for
the large plot study. There was also significantly more threecornered alfalfa hopper
found in the Delta region (μ=6.59, SEM=0.27) compared to the Hills region (μ=6.10,
SEM=0.20) for the small plot study. There was a two-fold increase in threecornered
alfalfa hopper found in the Hills region (μ=30.42, SEM=1.16) compared to the Delta
region (μ=15.71, SEM=0.73) for the large plot study.
While threecornered alfalfa hopper is not a major pest in Mississippi soybean
(Musser, et al., 2013), it is present every year. This pest damages soybean by girdling the
main stem during vegetative stages causing late season lodging and yield loss (Tugwell,
et al., 1972). These data are similar to previous research where threecornered alfalfa
hopper peak occurrence was in later planted soybean as well as in late reproductive stages
of the crop (Mitchell and Newsom, 1984).
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Total Stink Bug
Total stink bugs consisted of combining green stink bug, brown stink bug,
southern green stink bug, and redbanded stink bug. A significant effect of sample date
(Small Plot Study: χ2 =580.17; df=8; P<0.01; Large Plot Study: χ2 =1083.12; df=8;
P<0.01), and growth stage (Small Plot Study: χ2 =667.61; df=12; P<0.01; Large Plot
Study: χ2 =182.23; df=12; P<0.01) was observed for total stink bug occurrence. A
significant effect of planting date was observed in the small plot study (χ2 =134.40,
df=12, P<0.01), but not the large plot study (χ2 =3.45, df=4, P=0.49). In the small plot
study, there was an increase from 21.7% positive samples to 91.1% positive samples, and
from 0% over threshold samples to 51% over threshold samples as sample date
progressed (Table 2.1). In the large plot study, there was a decrease from 96.7% positive
samples to 27.8% positive samples from the <15 Jun sample date category to the 15 Jun15 Jul sample date category, before increasing to 66.7% positive samples at the >15 Sep
sample date category (Table 2.1). The only sample date categories with samples over
threshold were the 15 Jul-15 Aug at less than 1% and the 15 Aug-15 Sep sample date
category at 3.5% (Table 2.1). In the small plot study, significantly more total stink bugs
were observed on sample dates in the >15 Sep sample date category than all other sample
date categories (χ2=502.62; df=4; P<0.01) (Table 2.2). In the large plot study,
significantly more total stink bugs were observed for sample dates within the 15 Aug-15
Sep and >15 Sep sample date categories had than in all other sampling periods
(χ2=145.49; df=4; P<0.01) (Table 2.3). Total stink bug numbers stayed relatively low
until mid-Jul then increased throughout the rest of the sampling period for the small plot
study (Figure 1B) Similar to the small plot study, total stink bugs remained low until
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early-Jul and then increased throughout the rest of the sampling period for the large plot
study (Figure 2B).
In the small plot study, percent positive samples and percent over threshold
samples increased from 11.6% to 86.7% and 0% to 32.6% as growth stage progressed
(Table 2.1). In the large plot study, percent positive samples increased from 17.4% to
68.6% as growth stage progressed (Table 2.1). Samples with densities of total stink bugs
that were over threshold were only observed during the R5 and R6 growth stages in the
large plot study (Table 2.1). Significantly more total stink bugs were observed during the
R6 and R7 growth stages compared to all other growth stages for both studies (Small Plot
Study: χ2 =679.04; df=5; P<0.01, Table 2.2: Large Plot Study: χ2 =277.98; df=6; P<0.01,
Table 2.3).
In the small plot study, percent positive samples ranged from 51% to 68.3%, with
the highest percentage of positive samples observed for the early-Jul planting (Table 2.1).
A similar trend was observed for samples over threshold in the small plot study, with the
highest percentage of samples over threshold observed for the early-Jul planting (Table
2.1). For the large plot study, 42.3%, 38.7%, and 90.1% positive samples were observed
in the early, normal and late planted soybean, respectively (Table 2.1). Over threshold
samples for the large plot study were variable with the highest percentage of over
threshold samples observed in soybeans planted during the normal planting period (Table
2.1). Significantly more total stink bugs were observed in the mid-Jun through mid-Jul
plantings than all other plantings in the small plot study (χ2 =100.48; df=6; P<0.01)
(Table 2.4). There was no significant difference among planting dates for the large plot
study (χ2 =3.16, df=2, P=0.21) (Table 2.5).
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A significant effect of year (χ2 =108.80; df=1; P<0.01) and region (χ2 =3.79; df=1;
P=0.05) was observed for total stink bugs in the small plot study. There were
significantly higher stink bug numbers observed during 2013 (μ=9.48, SEM=0.56)
compared to 2014 (μ=2.19, SEM=0.15) for the small plot study. There was also more
stink bugs observed in the Hills region (μ=7.20, SEM=0.51) compared to the Delta region
(μ=4.66, SEM=0.33) in the small plot trial. There were no significant differences among
years (χ2 =0.13, df=1, P=0.72) or regions (χ2 =3.43, df=1, P=0.06) in the large plot study.
Relatively the same numbers of stink bugs were found during 2015 (μ=1.73, SEM=0.17)
and 2016 (μ=2.80, SEM=0.33), as well as in the Hills (μ=2.62, SEM=0.39) and Delta
regions (μ=2.12, SEM=0.18).
Green Stink Bug
A significant effect of sample date (Small Plot Study: χ2 =481.76; df=8; P<0.01;
Large Plot Study: χ2 =1389.10; df=4; P<0.01) and growth stage (Small Plot Study: χ2
=484.09; df=10; P<0.01; Large Plot Study: χ2 =131.81; df=6; P<0.01) on green stink bug
occurrence was observed in both studies. Planting date was only significant for the small
plot study (Small Plot Study: χ2 =124.52, df=12, P<0.01; Large Plot Study: χ2 =3.31;
df=2; P=0.19). In the small plot study, percent positive samples increased from 16.4% to
83.8% as sample date progressed (Table 2.1). A similar trend was observed for samples
above threshold in the small plot study, with percent samples above threshold increasing
from 0% to 28.7% for the >15 Sep sample date category (Table 2.1). In the large plot
study, percent positive samples ranged from 13.2% to 96.3%, but green stink bug was not
observed at densities over threshold during any sampling period (Table 2.1). For both the
small and large plot studies, significantly more green stink bugs were observed for
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sample dates in the >15 Sep sample date category than all other sample date categories
(Small Plot Study: χ2=450.47; df=4; P<0.01; Large Plot Study: χ2=83.80; df=4; P<0.01)
(Table 2.2, Table 2.3). Green stink bug densities decreased from mid-May through earlyAug and then increased throughout the rest of the sampling period for the small plot
study (Figure 1B). Green stink bug densities were low until mid-Jul then increased
throughout the rest of the sampling period for the large plot study (Figure 2B).
In the small plot study, percent positive samples increased from 4.7% to 73.5% as
growth stage progressed (Table 2.1). A similar trend was observed for percent samples
over threshold, with percent samples over threshold increasing from 0% to 18.8% as
growth stage progressed (Table 2.1). In the large plot study, percent positive samples
increased from 0% to approximately. 43% as growth stage progressed, but green stink
bug was not observed at densities over threshold during any growth stage (Table 2.1).
Significantly more green stink bugs were observed during the R7 growth stage compared
all other growth stages in the small plot study (χ2 =499.33, df=5, P<0.01) (Table 2.4).
Significantly more green stink bugs were observed during the R6 and R7 growth stages
compared to the R1-R4 growth stages in the large plot study (χ2 =142.98, df=6, P<0.01)
(Table 2.5).
In the small plot study, percent positive samples ranged from 29.3% to 46.5%,
with the highest percentage of positive samples observed in the early-Jul planting (Table
2.1). Percent of samples over threshold followed a similar trend, with the highest
percentage of over threshold samples observed in the early-July planting (Table 2.1). In
the large plot study, 28.3%, 23.1% and 86.7% positive samples were observed in the
early, normal, and late planting, respectively, and green stink bug was not observed at
42

densities over threshold in any planting (Table 2.1). Significantly more green stink bugs
were observed in the early Jul planting compared to plantings from late Mar to early Jun
for the small plot study (χ2 =112.23, df=6, P<0.01) (Table 2.6). There was no significant
difference among planting dates for the large plot study (χ2 =2.60, df=2, P=0.27) (Table
2.7).
A significant effect of year (χ2 =28.49, df=1, P<0.01) was also observed in the
small plot study, with more green stink bugs observed during 2013 (μ=2.12, SEM=0.14)
compared to 2014 (μ=1.36, SEM=0.10). No significant effect of region was observed for
green stink bugs for the small plot study (χ2 =0.35, df=1, P=0.55), with relatively the
same amount of green stink bugs found in the Delta region (μ=1.85, SEM=0.12)
compared to the Hills region (μ=1.66, SEM=0.12). No significant effect of year (χ2
=0.51, df=1, P=0.47) was observed for green stink bugs for the large plot study with
relatively the same amount of green stink bugs per 100 sweeps observed during 2015
(μ=0.80, SEM=0.10) compared to 2016 (μ=0.71, SEM=0.07). A significant effect of
region (χ2 =22.40, df=1, P<0.01) was observed for green stink bugs, with more green
stink bugs observed in the Delta region (μ=0.95, SEM=0.09) than the Hills region
(μ=0.49, SEM=0.06).
Brown Stink Bug
A significant effect of sample date (Small Plot Study: χ2 =173.93; df=8; P<0.01;
Large Plot Study: χ2 =1342.88; df=4; P<0.01), growth stage (Small Plot Study: χ2
=207.89; df=10; P<0.01; Large Plot Study: χ2 =98.35, df=6, P<0.01), and planting date
(Small Plot Study: χ2 =37.61; df=12; P<0.01; Large Plot Study: χ2 =7.92; df=2; P=0.02)
was observed for brown stink bug in the frequency analysis. In the small plot study,
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percent positive samples ranged from 7.2% to 50% and generally increased as sample
date progressed through the growing season (Table 2.1). Brown stink bug densities were
observed to be over threshold only on sample dates in the 15 Aug-15 Sep and the >15
Sep sample date categories (Table 2.1). In the large plot study, percent positive samples
ranged from 14.9% to 95.5%. Brown stink bug densities were not observed to be over
threshold on any sample date (Table 2.1). Significantly more brown stink bugs were
observed on sample dates within the >15 Sep sample date category than all other sample
date categories (χ2=194.12; df=4; P<0.01) (Table 2.2). Significantly more brown stink
bugs were observed during 15 Aug-15 Sep than all other sample date categories for the
large plot study (χ2=88.83; df=4; P<0.01) (Table 2.3). Brown stink bug densities
decreased from mid-May through mid-Aug and then increased throughout the rest of the
growing season (Figure 1B). Brown stink bug densities were relatively low throughout
the growing season, but increased from mid-Jul through the remainder of the sampling
period (Figure 2B).
In the small plot study, percent positive samples increased from 6.5% to 52.5% as
growth stage progressed (Table 2.1). Percent over threshold samples, increased to a
maximum of 2.8% through the reproductive growth stages (Table 2.1). In the large plot
study, percent positive samples ranged from 11.2% to 41.5%, and peaked at the R6
growth stage. Densities of brown stink bug did not exceed threshold at any growth stage
(Table 2.1). Significantly more brown stink bugs were observed during the R6 and R7
growth stages compared to all other growth stages in the small plot study (χ2 =228.11,
df=5, P<0.01) (Table 2.4). In the large plot study, significantly more brown stink bugs
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were observed during the R6 and R7 growth stages than during the R1-R4 growth stages
(χ2 =114.95, df=6, P<0.01) (Table 2.5).
In the small plot study, percent positive samples ranged from 17% to 30.4%, and
generally increased as planting date was delayed (Table 2.1). The percent of samples
with brown stink bug densities over threshold ranged from 0% to 1.7%, with the early-Jul
planting having the highest percentage of over threshold samples (Table 2.1). In the large
plot study, positive samples increased from 18.9% to 87.1% as planting was delayed.
Densities of brown stink bug did not exceed threshold in any plantings (Table 2.1).
Significantly more brown stink bugs were observed in the early Jul planting than
plantings from late Mar through early Jun in the small plot study (χ2 =33.71, df=6,
P<0.01) (Table 2.4). Significantly more brown stink bugs were observed in the late
planted soybean than all other plantings in the large plot study (χ2 =8.70, df=2, P=0.01)
(Table 2.5).
No significant effect of year (χ2 =0.57, df=1, P=0.45) was observed for brown
stink bug in the small plot study with relatively the same amount of brown stink bugs
observed during 2013 (μ=0.51, SEM=0.05) compared to 2014 (μ=0.54, SEM=0.49). A
significant effect of region (χ2 =57.35, df=1, P<0.01) was observed, with more brown
stink bugs observed in the Delta region (μ=0.81, SEM=0.06) compared to the Hills region
(μ=0.25, SEM=0.03). A significant effect of year (χ2 =5.84, df=1, P=0.02) was observed
for brown stink bug, with significantly more brown stink bugs observed during 2015
(μ=0.67, SEM=0.08) than 2016 (μ=0.44, SEM=0.04) in the large plot study. No
significant effect of region (χ2 =1.61, df=1, P=0.20) was observed for brown stink bug in
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the large plot trial, with similar densities of brown stink bug observed in both regions
(Delta, μ=0.60, SEM=0.06) (Hills, μ=0.48, SEM=0.05).
Southern Green Stink Bug
A significant effect of sample date (Small Plot Study: χ2 =271.05; df=8; P<0.01:
Large Plot Study: χ2 =1934.91; df=4; P<0.01), growth stage (Small Plot Study: χ2
=350.50; df=10; P<0.01; Large Plot Study: χ2 =60.81; df=6; P<0.01), and planting date
(Small Plot Study: χ2 =93.37; df=12; P<0.01; Large Plot Study: χ2 =4.68, df=4, P<0.01)
was observed for southern green stink bug occurrence in the frequency analysis. In the
small plot study, positive samples increased from 2% to 50% (Table 2.1). Percent of
samples with densities over threshold increased from 0% to 12.5% as sample date
progressed (Table 2.1). In the large plot study, positive samples ranged from 5.1% to
95.1%, with densities of southern green stink bug exceeding threshold only on sample
dates in the 15 Aug-15 Sep sample date category (Table 2.1). In the small plot study,
significantly more southern green stink bugs were observed on sample dates in the >15
Sep sample date category than all other sample date categories (χ2=268.87; df=4; P<0.01)
(Table 2.2). In the large plot study, significantly higher densities of southern green stink
bug were observed for dates in the 15 Aug-15 Sep sample date category than on sample
dates prior to 15 Aug (χ2=23.33; df=4; P<0.01) (Table 2.3). Southern green stink bug
densities remained low until mid-Jul in the small plot study (Figure 1B) and throughout
the growing season in the large plot study (Figure 2B).
In the small plot study, positive samples ranged from 0.4% to 38.8%, with the
percentage of positive samples observed during the R6 growth stage (Table 2.1). Percent
of samples with densities over threshold ranged from 0% to 8.8% (Table 2.1). In the
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large plot study, percent positive samples ranged from 0% to 15%, with the percentage of
positive samples observed during the R6 growth stage (Table 2.1). Percent of samples
with densities over threshold was <1% for all growth stages in the large plot study (Table
2.1). Significantly more southern green stink bugs were observed during the R6 and R7
growth stages than during all other growth stages in the small plot study (χ2 =352.84,
df=5, P<0.01) (Table 2.4). Significantly more southern green stink bugs were observed
during the R6 growth stage than during the R1-R5 growth stages in the large plot study
(χ2 =60.14, df=6, P<0.01) (Table 2.5).
In the small plot study, percent positive samples ranged from 8.2% to 30.7%
(Table 2.1). The percent of samples with densities above threshold fluctuated across
planting dates for the small plot study, with highest percentage of samples with densities
above threshold observed for the mid-Jun planting (Table 2.1). In the large plot study,
percent positive samples ranged from 5.7% to 83.5%, with the highest percent positive
samples observed in late plantings (Table 2.1). Also in the large plot study, samples with
densities over threshold were observed only in normal and late plantings, but occurrence
was <1 percent for both plantings (Table 2.1). Significantly more southern green stink
bugs were observed in the mid-Jul plantings than the early May and early Jun plantings
for the small plot study (χ2 =80.68, df=6, P<0.01) (Table 2.6). No significant differences
were observed among plantings for southern green stink bugs in the large plot study (χ2
=2.79, df=2, P=0.25) (Table 2.7).
A significant effect of region (χ2 =59.47, df=1, P<0.01) and year (χ2=99.62, df=1,
P<0.01) was observed for southern green stink bug in the small plot study. Significantly
more southern green stink bug were collected in the Hills region (μ=1.91, SEM=0.19)
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than the Delta region (μ=0.50, SEM=0.08) in the small plot study. Significantly more
southern green stink bugs were collected during 2013 (μ=2.09, SEM=0.19) than 2014
(μ=0.27, SEM=0.04). No significant effect of year (χ2 =0.13, df=1, P=0.72) or region (χ2
=0.55, df=1, P=0.46) was observed for southern green stink bug occurrence in the large
plot study [(2015 μ=0.17, SEM=0.03, 2016 μ=58, SEM=0.19), (Hills μ=0.67, SEM=0.24,
Delta μ=0.18, SEM=0.04)].
Redbanded Stink Bug
A significant effect of sample date (Small Plot Study: χ2 =62.32; df=8; P<0.01;
Large Plot Study: χ2 =1842.83; df=4; P<0.01), growth stage (Small Plot Study: χ2 =43.95;
df=10; P<0.01; Large Plot Study: χ2 =83.71; df=6; P<0.01), and planting date (Small Plot
Study: χ2 =51.45; df=12; P<0.01; Large Plot Study: χ2 =2.49; df=4; P<0.01) was
observed for redbanded stink bug occurrence. In the small plot study, positive samples
increased from 0% to 6.3% as sample date progressed, with no observations of densities
above threshold on any sampling date (Table 2.1). In the large plot study, positive
samples ranged from 0.4% to 94.8%, with densities of redbanded stink bug above
threshold observed only on dates in the 15 Jul-15 Aug and 15 Aug-15 Sep sample date
categories (Table 2.1). Significantly more redbanded stink bugs were collected on dates
after 15 Sep than during all other sampling periods in both studies (Small Plot Study:
χ2=60.01; df=4; P<0.01; Large Plot Study: χ2=94.05; df=4; P<0.01) (Table 2.2, Table
2.3). Generally redbanded stink bug densities were low in the small plot study (Figure
1B). Redbanded stink bug was present throughout the sampling period, but densities
rapidly increased beginning in early-Sep in the large plot study (Figure 2B).
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In the small plot study, positive samples ranged from 0% to 3.6%, with the
highest percentage of positive samples observed during the R6 growth stage (Table 2.1).
Also in the small plot study, no samples with densities over threshold were observed at
any growth stage (Table 2.1). In the large plot study, positive samples ranged from 0% to
20.5% with the highest percentage of positive samples observed during the R6 growth
stage (Table 2.1). Also in the large plot study, densities over threshold were only
observed during the R6 growth stage (Table 2.1). Significantly more redbanded stink
bugs were observed during the R6 growth stage compared to the R1 to R5 growth stages
in both studies (Small Plot Study: χ2 =43.74; df=5; P<0.01; Large Plot Study: χ2 =79.91;
df=6; P<0.01) (Table 2.2, Table 2.3).
In the small plot study, positive samples ranged from 0% to 5.2%, and redbanded
stink bug did not exceed threshold in any of the plantings (Table 2.1). In the large plot
study, positive samples increased from 8.9% to 84.3% as planting date was delayed
(Table 2.1). Redbanded stink bug rarely exceeded threshold in the large plot study
regardless of planting date (Table 2.1). Significantly more redbanded stink bugs were
observed in the mid-July planting compared to all other plantings, except the mid-Jun
planting, in the small plot study (χ2 =48.58, df=6, P<0.01) (Table 2.4). There were no
significant differences among plantings for redbanded stink bugs in the large plot study
(χ2 =1.82, df=2, P=0.40) (Table 2.5).
There was a significant effect of year (χ2 =20.07, df=1, P<0.01), but not region (χ2
=0.08, df=1, P=0.78) for redbanded stink bug in the small plot study. Significantly more
redbanded stink bugs were observed during the 2013 growing season (μ=0.04,
SEM=0.01) than the 2014 growing season (μ=0.00 SEM=0.00). Similar densities of
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redbanded stink bug were observed for the Delta region (μ=0.03, SEM=0.01) and the
Hills region (μ=0.01, SEM=0.01). A significant effect of year (χ2 =31.10, df=1, P<0.01)
and region (χ2 =8.85, df=1, P<0.01) was observed for redbanded stink bug in the large
plot study. Over seven and half times more redbanded stink bug were observed during
2016 (μ=1.07, SEM=0.19) compared to 2015 (μ=0.14, SEM=0.04). Twice as many
redbanded stink bugs were observed in the Hills region (μ=0.98, SEM=0.22) compared to
the Delta region (μ=0.41, SEM=0.09).
Stink bugs prefer to feed on soybean during the later growth stages when seed fill
is occurring (Higley and Boethel 1994), and for these data, growth stage was a major
factor in the occurrence of stink bugs, regardless of planting date. Stink bug populations
were higher in later samples indicating that soybeans planted at later dates have a greater
chance of experiencing stink bug infestations than those planted at earlier dates. Similar
observations have been reported for stink bug occurrence in soybean (McPherson et al.,
2001, Gore et al., 2006, Smith et al., 2009). Although the highest percentage of stink
bugs were observed in later planting dates, in some cases high densities of stink bugs
were observed at early plantings, demonstrating that soybeans planted at early planting
dates can act as a trap crop for stink bugs most likely because soybeans at earlier planting
dates are in the seed development stages when stink bug populations are present (Smith et
al., 2009).
Green Cloverworm
A significant effect of sample date (Small Plot Study: χ2 =16.04; df=4; P<0.01;
Large Plot Study: χ2 =953.03; df=4; P<0.01), growth stage (Small Plot Study: χ2 =41.06;
df=5; P<0.01; Large Plot Study: χ2 =18.51; df=6; P<0.01), and planting date (Small Plot
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Study: χ2 =7.39; df=2; P=0.02; Large Plot Study: χ2 =19.38; df=6; P<0.01) was observed
for green cloverworm occurrence. In the small plot study, positive samples ranged from
2.6% to 9.2%, with the highest percentage of positive samples observed in the 15 Aug-15
Sep sample date category (Table 2.1). Also in the small plot study, green cloverworm
densities did not exceed threshold on any sample date (Table 2.1). In the large plot study,
positive samples decreased from 97.6% 8.3% as sample date progressed, and green
cloverworm densities did not exceed threshold on any sample date (Table 2.1). In the
small plot study, significantly more green cloverworm were observed on dates within the
15 Aug-15 Sep sample date category compared to all other sample date categories
(χ2=16.84; df=4; P<0.01) (Table 2.2). In the large plot study, significantly more green
cloverworm were observed on dates in the 15 Jul-15 Aug and 15 Aug-15 Sep sample date
categories compared to all other sample date categories (χ2=34.30; df=4; P<0.01) (Table
2.3). Several peaks in green cloverworm densities were observed throughout the growing
season, but overall densities were low in both studies (Figure 1C, 2C).
In the small plot study, positive samples ranged from 0% to 11.2% across growth
stages, with the highest percentage of positive samples observed during the R3 growth
stage (Table 2.1). In the small plot study, green cloverworm densities did not exceed
threshold during any growth stage (Table 2.1). In the large plot study, positive samples
ranged from 31.4% to 50% across growth stages, with the highest percentage of positive
samples observed during the R5 growth stage (Table 2.1). Also in the large plot study,
green cloverworm densities did not exceed threshold during any growth stage (Table 2.1).
Significantly more green cloverworm larvae were observed during the R3 and R4 growth
stages compared to all other growth stages in the small plot study (χ2 =41.04, df=5,
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P<0.01) (Table 2.4). Significantly more green cloverworm larvae were observed during
the R4 and R5 growth stages compared to all other growth stages in the large plot study
(χ2 =20.67, df=6, P<0.01) (Table 2.5).
In the small plot study, positive samples ranged from 4.0% to 11.7%, with the
highest percentage of positive samples observed in the early-Jul planting (Table 2.1).
Green cloverworm densities did not exceed threshold in any planting in the small plot
study (Table 2.1). In the large plot study, positive samples increased from over 46% to
greater than 88% as planting was delayed, with no planting date having samples over
threshold (Table 2.1). The early Jul and mid-Jul plantings had significantly more green
cloverworms than any other planting (χ2 =20.16, df=6, P<0.01) (Table 2.6). There were
no significant differences among planting date observed for green cloverworm densities
in the large plot study (χ2 =5.56, df=2, P=0.06) (Table 2.7).
A significant effect of year (χ2 =4.03, df=1, P=0.04) and region (χ2 =73.92, df=1,
P<0.01) was observed for green cloverworm occurrence in the small plot study.
Significantly more green cloverworm were collected during the 2013 (μ=0.23,
SEM=0.04) compared to 2014 (μ=0.13, SEM=0.02), and in the Hills region (μ=0.33,
SEM=0.05) compared to the Delta region (μ=0.03, SEM=0.01) in the small plot study. A
significant effect of year (χ2 =11.02, df=1, P<0.01) and region (χ2 =34.80, df=1, P<0.01),
was observed for green cloverworm in the large plot study, with significantly more green
cloverworm collected during 2015 (μ=3.19, SEM=0.32) compared to 2016 (μ=1.80,
SEM=0.17), and more collected in the Hills region (μ=3.74, SEM=0.36) compared to the
Delta region (μ=1.33, SEM=0.10).
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Peak green cloverworm occurrence in soybean has been observed during the latter
portion of the growing season, mainly occurring from late-Jul through Oct (Buschman et
al., 1981, Higley and Boethel 1994). Similar results were observed in the current
experiments, with a general increase in green cloverworm densities with later sampling
dates. While green cloverworm occurs in soybeans in southern regions, outbreaks are
more common in more northern regions (Pedigo et al., 1972, Stone and Pedigo 1972,
Higley and Boethel 1994). Early planting can be a management strategy to avoid
infestations of some soybean insect pests, but can result in higher densities of some
insects, such as green cloverworm, being encountered (Buschman et al., 1981). Also,
these data suggest that green cloverworm infestations in Mississippi are more prevalent in
the Hills region than the Delta region.
Velvetbean Caterpillar
A significant effect of sample date (Small Plot Study: χ2 =6.65; df=4; P<0.01;
Large Plot Study: χ2 =1800.49, df=4, P<0.01) and planting date (Small Plot Study: χ2
=17.07; df=6; P<0.01; Large Plot Study: χ2 =0.40, df=2, P<0.01) was observed for
velvetbean caterpillar occurrence. A significant effect of growth stage was observed only
in the large plot study (Small Plot Study: χ2 =5.31; df=5; P=0.38; Large Plot Study: χ2
=17.81; df=6; P<0.01). In the small plot study, positive samples increased from 0.7% to
3.1% as sample date progressed, and velvetbean caterpillar densities remained below
threshold over the entire growing season (Table 2.1). In the large plot study, a general
decline in percent positive samples was observed as sample date progressed (Table 2.1).
Velvetbean caterpillar densities did not exceed threshold on any sample date. In the
small plot study, there were no significant differences among sample date categories
53

observed for velvetbean caterpillar densities (χ2=6.68; df=4; P=0.15) (Table 2.2). While
in the large plot study, significantly more velvetbean caterpillar larvae were observed on
sample dates in the 15 Aug-15 Sep sample date category compared to all other sample
date categories (χ2=18.67; df=4; P<0.01) (Table 2.3). Velvetbean caterpillar densities
slightly increased throughout the sampling period for the small plot study (Figure 1C).
Velvetbean caterpillar densities peaked in mid-Sep, before declining throughout the rest
of the growing season in the large plot study (Figure 2C).
In the small plot study, positive samples fluctuated across growth stages, with the
highest percentage of positive samples (1.9%) observed during the R6 growth stage
(Table 2.1). Velvetbean caterpillar densities did not exceed threshold during any growth
stage in the small plot study (Table 2.1). In the large plot study, percent positive samples
varied among growth stages, and ranged from 4.3% to 17.1% (Table 2.1). Velvetbean
caterpillar densities did not exceed threshold during any growth stage in the large plot
study (Table 2.1). There was no significant difference among growth stages for
velvetbean caterpillar densities in the small plot study (χ2 =5.33, df=5, P=0.23) (Table
2.4). Significantly more velvetbean caterpillar larvae were collected during the R5 and
R7 growth stages compared to any other growth stage in the large plot study (χ2 =18.66,
df=6, P<0.01) (Table 2.5).
In the small plot study, percent positive samples generally increased as planting
date was delayed, and ranged from 0.5% to 3.3% (Table 2.1). Velvetbean caterpillar
densities did not exceed threshold in any planting in the small plot study (Table 2.1). In
the large plot study, a higher percentage of positive samples was observed for late planted
soybeans (83.8%) than in the early and normal planted soybeans (10.3% and 9.3%,
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respectively) (Table 2.1). Velvetbean caterpillar densities did not exceed threshold in any
planting in the large plot study. Significantly more velvetbean caterpillar larvae were
observed in the early Jul and mid-Jul plantings than all other plantings in the small plot
study (χ2 =17.02, df=6, P<0.01) (Table 2.6). There were no significant differences
among plantings for velvetbean caterpillar densities in the large plot study (χ2 =0.21,
df=2, P=0.89) (Table 2.7).
A significant effect of region (χ2 =7.41, df=1, P<0.01) was observed for
velvetbean caterpillar occurrence, but not year (χ2 =3.39, df=1, P=0.07) in the small plot
study. Significantly more velvetbean caterpillar larvae were observed in the Hills region
(μ=0.06, SEM=0.02) than in the Delta region (μ=0.01, SEM=0.03). Similar densities of
velvetbean caterpillar were observed during 2013 (μ=0.04, SEM=0.01) and 2014
(μ=0.02, SEM=0.01). A significant effect of year (χ2 =18.50, df=1, P<0.01) and region
(χ2 =12.85, df=1, P<0.01) was observed for velvetbean caterpillar densities in the large
plot study. Significantly more velvetbean caterpillar larvae were observed during 2015
(μ=3.19, SEM=0.32) compared to 2016 (μ=1.80, SEM=0.17), and significantly more
larvae were observed in the Hills region (μ=3.74, SEM=0.36) compared to the Delta
region (μ=1.33, SEM=0.10).
Velvetbean caterpillar populations typically peaked during the latter portion of the
growing season, between Jul and late Sep (Shepard, et al., 1974, Funderburk, et al., 1999,
Baur, et al., 2000). Similar population peaks were observed during 2013 and 2014, but
not 2015 and 2016. During 2015 and 2016 peak populations were observed at the earliest
sampling dates and declined dramatically at later sampling dates. Also, geographical
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occurrence of velvetbean caterpillar was similar to that observed for green cloverworm,
with higher prevalence observed in the Hills region compared to the Delta region.
Looper
All loopers, including soybean looper, cabbage looper, Trichoplusia ni (Hübner),
and grey looper, Rachiplusia ou (Guenée) were combined together due to difficulty of
field identification of larvae between species. A significant effect of sample date (Small
Plot Study: χ2 =478.53; df=8; P<0.01; Large Plot Study: χ2 =795.10; df=4; P<0.01),
growth stage (Small Plot Study: χ2 =141.89; df=10; P<0.01; Large Plot Study: χ2
=150.34; df=12; P<0.01), and planting date (Small Plot Study: χ2 =369.28; df=6; P<0.01;
Large Plot Study: χ2 =44.89; df=4; P<0.01) was observed for looper occurrence. In the
small plot study, percent positive samples generally increased as sample date progressed,
and ranged from 0% to 52.8% (Table 2.1). Looper densities exceeding threshold were
observed on sample dates within the 15 Aug-15 Sep and >15 Sep sample date categories,
with highest percentage of over threshold samples occurring during the 15 Aug-15 Sep
sample date category (Table 2.1). In the large plot study, positive samples varied among
sample dates, with densities above threshold observed only on dates in the 15 Aug-15
Sep sample date categories (Table 2.1). For both the small and large plot studies,
significantly more looper larvae were observed on dates in the 15 Aug-15 Sep than dates
in all other sample date categories (Small Plot Study: χ2=502.19; df=4; P<0.01; Large
Plot Study: χ2=319.91; df=4; P<0.01) (Table 2.2, Table 2.3). Two peaks in looper
densities were observed during the sampling period in the small plot study, the first peak
occurred between mid-May and mid-Jun and was most likely cabbage looper or grey
looper since soybean looper migrate later in the growing season compared to other
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loopers (Beach and Todd, 1988, Higley and Boethel, 1994). The second peak occurred
from early Aug through the end of the growing season and was most likely soybean
looper (Figure 1C). Two peaks in looper densities were observed during the sampling
period in the large plot study also, the first peak occurred between mid-May and mid-Jun
and was mostly likely cabbage looper or grey looper. The second peak occurred during
early to mid Sep and was most likely soybean looper primarily (Figure 2C).
In the small plot study, percent positive samples ranged from 6% to 37.4% across
growth stages, with the highest percentage of positive samples observed during the R6
growth stage (Table 2.1). Also, soybean looper densities exceeded threshold only during
the R4-R6 growth stages (Table 2.1). In the large plot study, percent positive samples
ranged from 30.4% to 85.7% (Table 2.1). Looper densities exceeded threshold only
during the R5 and R6 growth stages (Table 2.1). Significantly more soybean looper
larvae were observed during the R5 to R7 growth stages than any other growth stage in
both studies (Small Plot Study: χ2 =137.94; df=5; P<0.01; Large Plot Study: χ2 =172.68,
df=6, P<0.01) (Table 2.3, Table 2.5).
In the small plot study, percent positive samples ranged from 4.5% to 55%, with
the highest percentage of positive samples observed in the early-Jul planting (Table 2.1).
Looper densities exceeded threshold only in soybeans planted after 31 May (Table 2.1).
In the large plot study, positive samples increased from 42.3% to 94.1% as planting date
was delayed. Looper densities only exceeded threshold in the late planted soybeans
(Table 2.1). Significantly more looper larvae were observed in the early Jul planting than
in the late Mar to mid-Jun plantings in the small plot study (χ2 =373.70, df=6, P<0.01)
(Table 2.2). Significantly more looper larvae were observed in the late planted soybeans
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than in the early or normal planted soybeans in the large plot study (χ2 =60.55, df=2,
P<0.01) (Table 2.4).
A significant effect of year (χ2 =59.08, df=1, P<0.01) was observed for looper
occurrence, but region (χ2 =0.03, df=1, P=0.86) was not significant in the small plot
study. Significantly more larvae were observed during 2013 (μ=2.02, SEM=0.17)
compared to 2014 (μ=0.45, SEM=0.04), while similar densities were observed in the
Delta (μ=1.45, SEM=0.14) and Hills regions (μ=1.06, SEM=0.12). A significant effect of
year (χ2 =0.05, df=1, P=0.03) and region (χ2 =61.97, df=1, P<0.01) was observed for
looper densities in the large plot study. Significantly more looper larvae were collected
during 2015 (μ=5.40, SEM=0.47) compared to 2016 (μ=3.75, SEM=0.31) and more were
collected in the Hills region (μ=6.04, SEM=0.45) than in the Delta region (μ=3.21,
SEM=0.31) in the large plot study.
Peak occurrence of soybean looper was observed between late Aug and mid-Sep
and was similar to observations by others (Carner et al., 1974, Buschman et al., 1981,
McPherson et al., 2001). Multiple studies conducted throughout the southern U.S.
observed that these late season peaks of loopers most commonly consist of soybean
looper compared to other species of loopers (Canerday and Arant 1966, Canerday and
Arant 1967, Martin et al., 1976). While early planted soybeans may avoid soybean
looper infestations, those planted later have a much greater chance of experiencing
infestations that exceed threshold (Carner et al., 1974, Buschman et al., 1981). In the
southern U.S., the looper complex is treated as soybean looper because they are more
difficult to manage due to resistance to many classes of insecticides (Felland et al., 1990,
Leonard et al., 1990, Mascarenhas and Boethel 1997).
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Total Kudzu Bug
Total kudzu bugs consisted of the combination of adults and nymphs. Analysis
was only performed on data from the large plot study, because a total of 3 kudzu bugs
were observed in the small plot study. A significant effect of sample date (χ2 =1394.99,
df=8, P<0.01), growth stage (χ2 =39.49, df=12, P<0.01), and planting date (χ2 =15.76,
df=4, P<0.01) was observed for total kudzu bug occurrence. Percent positive samples
ranged from 22.3% to 95.3%, while the percentage of samples with densities exceeding
threshold ranged from 0.1% to 33.3% (Table 2.1). The greatest percent of samples with
densities exceeding threshold occurred on sample dates after 15 Sep (Table 2.1).
Significantly more total kudzu bugs were collected on dates in the >15 Sep sample date
category than all other sampling periods (χ2=44.47; df=4; P<0.01) (Table 2.3). There was
a general increase in kudzu bug densities throughout the sampling period (Figure 2A).
Percent positive samples ranged from 8.7% to 45.7% across growth stages, with a general
increase as plant development progressed (Table 2.1). A similar trend was observed for
samples with densities exceeding threshold (Table 2.1). Significantly more kudzu bugs
were observed during the R7 growth stage than all other growth stages (Table 2.5).
Percent positive samples increased from 25.1% to 88.2% as planting was delayed (Table
2.1). Percent of samples with densities above threshold was ≤3.4% in all plantings
(Table 2.1). Significantly more kudzu bugs were observed in the late planting than the
early planting or normal planting (χ2 =7.52, df=2, P=0.02) (Table 2.7).
A significant effect of region (χ2 =326.07, df=1, P<0.01) was observed for total
kudzu bugs, but year (χ2 =0.02, df=1, P=0.89) was not significant. More kudzu bugs
were observed in the Hills region (μ=7.69, SEM=0.79) compared to the Delta region
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(μ=0.69, SEM=0.22). Similar densities of kudzu bugs were observed during 2015
(μ=4.93, SEM=0.76) compared to 2016 (μ=2.93, SEM=0.35).
Kudzu Bug Adult
In the small plot study, only three kudzu bug adults were observed therefore these
data were excluded from the analysis. These kudzu bugs were observed in the mid-July
planting during the >15 Sep sample date category. The frequency analysis for sample
date (χ2 =1366.18, df=4, P<0.01), growth stage (χ2 =39.11; df=6; P<0.01), and planting
date (χ2 =9.09, df=4, P=0.05) were significant for the large plot study. Positive samples
decreased from over 95 percent to over 66 percent as sample date progressed (Table 2.1).
The inverse was seen for over threshold samples, increasing from less than 1 percent to
25 percent as sample date progressed (Table 2.1). The after 15 September sample date
category had significantly more kudzu bug adults than all other sample date categories
(χ2=38.88; df=4; P<0.01) (Table 2.3). Kudzu bug adults increased throughout the
sampling period with no peak occurring (Figure 2A). Positive samples increased from
greater than 8 percent to greater than 42 percent as plant maturity progressed (Table 2.1).
A similar trend was observed for over threshold samples, increasing from 0 percent to
over 14 percent as plant maturity progressed (Table 2.1). Significantly more kudzu bug
adults were found in the R7 growth stage compared to the R1-R3 growth stages (χ2
=24.36, df=6, P<0.01) (Table 2.5). Positive samples increased from over 22 percent to
greater than 87 percent as planting was delayed (Table 2.1). The inverse was seen for
over threshold samples, decreasing from over 2 percent to less than 1 percent as planting
was delayed (Table 2.1). The late planted soybean had significantly more kudzu bug
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adults than the early planted soybean (χ2 =7.06, df=2, P=0.03) (Table 2.7) for the large
plot study.
Year (χ2 =0.94, df=1, P=0.04) and region (χ2 =324.79, df=1, P<0.01) were
significant in the large plot study for kudzu bug adults. Significantly more kudzu bug
adults were observed in 2015 (μ=3.61, SEM=0.50) compared to 2016 (μ=2.16,
SEM=0.22). Almost twelve and a half times more kudzu bug adults were observed in the
Hills region (μ=5.71, SEM=0.51) compared to the Delta region (μ=0.46, SEM=0.14).
Kudzu Bug Nymph
Only data from the large plot study was included in the analysis, because no
kudzu bug nymphs were collected in the small plot study. A significant effect of sample
date was observed for occurrence of kudzu bug nymphs (χ2 =1948.01, df=4, P<0.01).
Percent positive samples ranged from 2.5% to 94.8% across sample dates (Table 2.1).
The percent of samples with densities over threshold increased from 0% to 16.7% as
sample date progressed (Table 2.1). Significantly more kudzu bug nymphs were
observed on sample dates in the >15 Sep sample date category than dates in all other
sampling periods (χ2=74.48; df=4; P<0.01) (Table 2.3). Seasonal occurrence of kudzu
bug nymphs varied among sample dates and is illustrated in Figure 2A. A significant
effect of growth stage was observed for kudzu bug nymphs (χ2 =37.06, df=6, P<0.01).
Percent positive samples ranged from 0% to 22.9% and generally increased as plant
development progressed (Table 2.1). A similar trend was observed for samples with
densities exceeding threshold (Table 2.1). A significant effect of planting date was also
observed for occurrence of kudzu bug nymphs (χ2 =8.20, df=4, P=0.08). The percentage
of positive samples increased from over 7.4% to 84.4% as planting date was delayed
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(Table 2.1). Also, the percentage of samples with densities exceeding threshold was <1%
for all plantings (Table 2.1).
A significant effect planting date (χ2 =6.65, df=2, P=0.04), year (χ2 =4.05, df=1,
P=0.04), region (χ2 =71.13, df=1, P<0.01), and growth stage (χ2 =28.89, df=6, P<0.01)
was observed for mean number of kudzu bug nymphs. Significantly more kudzu bug
nymphs were observed in late planted soybean than early or normal planted soybean
(Table 2.7). Significantly more kudzu bug nymphs were collected during 2015 (μ=1.32,
SEM=0.36) compared to 2016 (μ=0.77, SEM=0.20), and more kudzu bug nymphs were
observed in the Hills region (μ=1.98, SEM=0.42) compared to the Delta region (μ=0.23,
SEM=0.09). Also, significantly more kudzu bug nymphs were observed during the R5
and R7 growth stages than during all other growth stages (Table 2.5).
Total Insect Pests
A significant effect of sample date (Small Plot Study: χ2 =453.29; df=8; P<0.01;
Large Plot Study: χ2 =788.27, df=2, P<0.01), growth stage (Small Plot Study: χ2 =101.35;
df=10; P<0.01; Large Plot Study: χ2 =143.36; df=12; P<0.01), and planting date (Small
Plot Study: χ2 =384.91; df=12; P<0.01; Large Plot Study: χ2 =50.16; df=4; P<0.01) was
observed for total insect pest occurrence. In the small plot study, percent positive
samples increased from 80.9% to 100% as sample date progressed (Table 2.1). A similar
trend was observed for percent of samples with densities over threshold in the small plot
study, with percent of samples with densities over threshold increasing from 0% to 54.7%
as sample date progressed (Table 2.1). In the large plot study, 100% positive samples
were observed in all sample date categories (Table 2.1). The percent of samples with
densities over threshold ranged from 0% to 9.8% (Table 2.1), with the highest percentage
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of samples with densities above threshold observed on dates within the 15 Aug-15 Sep
sample date category (Table 2.1). In both the small and large plot studies, significantly
more total insects were observed on sample dates within the 15 Aug-15 Sep and >15 Sep
sample date categories compared to all other sample date categories (Small Plot Study:
χ2=969.33; df=4; P<0.01; Large Plot Study: χ2=379.16; df=4; P<0.01) (Table 2.2, Table
2.3). In the small plot study, occurrence of total insect pests fluctuated during the
growing season and is illustrated in Figure 1D. Occurrence of total insect pests generally
increased as the growing season progressed until ca. 1 Oct in the large plot study (Figure
2D).
In the small plot study, percent positive samples increased from 85.8% to 100%
as plant development progressed, with the percentage of samples with densities over
threshold increasing from 2.6% to 33.1% as plant development progressed (Table 2.1).
In the large plot study, insect pests were observed in all samples during all growth stages,
and the percentage of samples with densities exceeding threshold increased from 0% to
5.7% as plant development progressed (Table 2.1). Significantly more mean total insect
pests were observed during the R6 and R7 growth stages than any other growth stage in
the small plot study (χ2 =347.18, df=5, P<0.01) (Table 2.4). While significantly more
total insect pests were observed during the R7 growth stage compared to all other growth
stages in the large plot study (χ2 =258.69, df=6, P<0.01) (Table 2.5).
In the small plot study, the percentage of positive samples increased from 83.5%
to 100% as planting date was delayed (Table 2.1). The percentage of samples with
densities over threshold increased from 7% to 40% as planting date was delayed, with
the highest percentage of samples with densities over threshold observed in the early-Jul
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planting (Table 2.1). In the large plot study, 100% positive samples were observed for all
planting dates. The percentage of samples with densities exceeding threshold ranged
from 0.6% to 3.9% (Table 2.1). Significantly more total insect pests were observed in the
early-Jul and mid-Jul plantings than any other planting in the small plot study (χ2
=632.73, df=6, P<0.01) (Table 2.2). Soybean planted in the late planting window had
significantly more insect pests compared to those planted during the early or normal
planting windows in the large plot study (χ2 =52.42, df=2, P<0.01) (Table 2.4).
A significant effect of year (Small Plot Study: χ2 =0.72; df=1; P=0.03; Large plot
study: χ2 =36.29; df=1; P<0.01), and region (Small Plot Study: χ2 =41.82; df=1; P<0.01;
Large Plot Study: χ2 =96.41; df=1; P<0.01) was observed for total insect pests in both the
small and large plot studies. Significantly more total insect pests were observed during
2013 (μ=22.50, SEM=0.92) than 2014 (μ=17.14, SEM=0.82), and significantly more
total insect pests were observed in the Delta region (μ=25.26, SEM=1.14) compared to
the Hills region (μ=14.64, SEM=0.44) in the small plot study. Significantly more total
insect pests were observed during 2015 (μ=59.79, SEM=2.53) compared to 2016
(μ=38.02, SEM=1.29), while significantly more total insect pests were observed in the
Hills region (μ=58.64, SEM=2.18) compared to the Delta region (μ=38.52, SEM=1.62) in
the large plot study.
Conclusion
These data suggest that insect pests can infest soybean regardless of the stage of
plant development or when they are planted. These data also demonstrate the variability
in insect populations that can occur across geographies and time. Examples of variability
across geography include velvetbean caterpillar and green cloverworm which appeared to
64

be more prevalent in the Hills region of Mississippi, and bean leaf beetle which tends to
be more prevalent in the Delta region. Plant development stage can also influence the
occurrence of seed feeding insects, such as stink bugs. While corn earworm was
prevalent and a major pest of soybean in Mississippi during 2009 to 2011 (Musser et al.
2010, 2011, 2012), <50 total corn earworm were observed during the four years that these
surveys were conducted, and is an example of variability over time.
While large infestations of insect pests that typically occur during the latter
portion of the growing season can be avoided with early planting (Carner et al., 1974,
Baur et al., 2000), early planted soybeans can experience infestations of pests including
stink bugs, kudzu bug, and bean leaf beetle, although populations are generally much
greater at later plantings. Soybean producers should be aware that manipulating planting
dates is not completely effective at avoiding insect pests, but early planting can aid in
avoiding late season migratory pests, such as soybean looper, that can be very damaging
and difficult/expensive to manage (Felland et al., 1990, Leonard et al., 1990). Also
soybeans planted later during the season may experience large infestations of multiple
pests including several species of defoliating caterpillars, several species of stink bug,
and bean leaf beetle (McPherson and Bondari 1991, Helm et al., 1992, Pedigo and Zeiss
1996, Baur et al., 2000, Smith et al., 2009). While early plantings can occasionally
receive large populations of stink bugs (Gore et al., 2006, Smith et al., 2009), soybean
producers that plant early have the advantage of avoiding several insect pest complexes;
thereby, simplifying insect management strategies. Regardless of planting date, sample
date, or growth stage, some insect pests were observed >80% of the time. In later
plantings, insect pest occurrence increased to >95%, with the greatest risk of insect pest
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densities exceeding threshold. As planting date is delayed, yield potential declines (Egli
et al., 1987, Heatherly and Spurlock 1999, Egli and Cornelius 2009), while the chances of
encountering yield limiting insect pests greatly increase. Knowing that insect pests are
inconsistent and unpredictable throughout the growing season, scouting becomes
important. With multiple insect complexes present in soybean consisting of seed feeders
and defoliators, proper identification of these pests is required to make proper
management decisions. Scouting becomes even more important for late planted
situations, where yield potential is already limited, and insect pests are in highest
densities.
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Percent of samples with positive detections (%Pos) and above threshold detections (%>TH) of various insect pests
for small plot studies conducted from 2013 to 2014 in Mississippi and large plot studies conducted from 2015 to
2016 in Mississippi.

Sample Date
<15 Jun
15 Jun-15 Jul
15 Jul-15 Aug
15 Aug-15 Sep
>15 Sep
Growth Stage
R2
R3
R4
R5
R6
R7
Planting Date
Late-Mar
Mid-Apr
Early-May
Early-Jun
Mid-Jun
Early-Jul
Mid-Jul
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0.0
1.1
2.6
3.4
5.7
6.9
11.4
3.7
3.6
1.4

1261
395
528
254
12
23
187
193
204
264
347
35
350
646
259

N1

70.3
75.4
97.0

47.8
54.5
66.8
72.5
85.2
87.9
82.8

96.6
65.1
83.1
86.2
91.7

BLB2
%
%
>TH Pos

0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0

92.3
91.2
99.2

91.3
91.4
83.9
91.7
97.3
94.8
85.7

99.4
87.8
95.6
93.3
91.7

0.6
0.9
0.1

0.0
0.0
0.0
0.0
0.4
2.6
0.0

0.0
0.0
0.2
3.5
0.0

42.3
38.7
90.1

17.4
21.4
22.3
30.4
42.0
65.7
68.6

96.7
27.8
38.3
66.5
66.7

0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0

28.3
23.1
86.7

0.0
11.2
10.4
15.2
27.6
43.8
42.9

96.3
13.2
24.0
42.9
41.7

TCAH3
TOTSB4
GSB5
%
%
%
%
%
%
>TH Pos >TH Pos >TH Pos
Large Plot Study

0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0

18.9
25.5
87.1

17.4
11.2
14.0
15.7
23.1
41.5
40.0

95.5
14.9
23.1
43.3
25.0

0.0
0.2
0.1

0.0
0.0
0.0
0.0
0.4
0.3
0.0

0.0
0.0
0.0
0.8
0.0

8.6
5.7
83.5

0.0
2.1
1.5
4.9
4.5
15.0
14.3

95.1
5.1
5.1
13.4
8.3

0.3
0.6
0.1

0.0
0.0
0.0
0.0
0.0
1.7
0.0

0.0
0.0
0.2
2.0
0.0

8.9
9.0
84.3

0.0
3.7
2.1
3.9
9.5
20.5
11.4

94.8
4.1
7.6
22.8
0.4

BSB6
SGSB7
RBSB8
%
%
%
%
% %
>TH Pos >TH Pos >TH Pos

of samples, 2Bean leaf beetle, 3Threecornered alfalfa hopper, 4Total stink bugs, 5Green stink bug, 6Brown stink bug, 7Southern green stink bug, 8Redbanded stink

Sample Date
<15 Jun
15 Jun-15 Jul
15 Jul-15 Aug
15 Aug-15 Sep
>15 Sep
Growth Stage
R1
R2
R3
R4
R5
R6
R7
Planting Date
Early
Normal
Late

Table 2.1 (continued)
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Sample Date
<15 Jun
15 Jun-15 Jul
15 Jul-15 Aug
15 Aug-15 Sep
>15 Sep
Growth Stage
R2
R3
R4
R5
R6
R7
Planting Date
Late-Mar
Mid-Apr
Early-May
Early-Jun
Mid-Jun
Early-Jul
Mid-Jul
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Looper,
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Sample Date
<15 Jun
1261
0.0
97.6
0.0
95.1
0.0
15 Jun-15 Jul
395
0.0
50.1
0.0
8.9
0.0
15 Jul-15 Aug
528
0.0
47.0
0.0
7.6
0.0
15 Aug-15 Sep
254
0.0
24.8
0.0
15.7
0.8
>15 Sep
12
0.0
8.3
0.0
0.0
0.0
Growth Stage
R1
23
0.0
34.8
0.0
13.0
0.0
R2
187
0.0
44.4
0.0
4.3
0.0
R3
193
0.0
44.6
0.0
9.8
0.0
R4
204
0.0
50.0
0.0
6.9
0.0
R5
264
0.0
49.2
0.0
14.4
0.4
R6
347
0.0
35.7
0.0
8.9
0.3
R7
35
0.0
31.4
0.0
17.1
0.0
Planting Date
Early
350
0.0
46.9
0.0
10.3
0.0
Normal
646
0.0
44.6
0.0
9.3
0.0
Late
259
0.0
88.6
0.0
83.8
0.1
9
10
11
Number of samples, Green cloverworm, Velvetbean caterpillar,
bug nymphs, 16Total insect pests
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Bean Leaf
Threecornered Total Stink
Beetle
alfalfa hopper
bugs
0.46 (0.08) e
3.56 (0.32) c
0.57 (0.10) d
1.50 (0.12) d
2.60 (0.13) c
1.30 (0.17) c
3.88 (0.25) c
3.57 (0.12) c
2.29 (0.23) c
18.90 (1.23) a
8.80 (0.32) b
9.24 (0.67) b
9.92 (1.56) b
16.37 (0.70) a 19.69 (1.55) a
<0.01
<0.01
<0.01

Green Stink
bug
0.26 (0.05) c
0.47 (0.07) c
0.73 (0.07) c
2.30 (0.17) b
6.75 (0.44) a
<0.01

Mean (± SEM)
Brown Stink
bug
0.10 (0.03) c
0.20 (0.03) c
0.17 (0.02) c
0.82 (0.08) b
1.64 (0.19) a
<0.01

Southern
Green Stink
bug
0.02 (0.01) d
0.09 (0.03) d
0.41 (0.07) c
2.13 (0.24) b
3.81 (0.56) a
<0.01

Redbanded
Stink bug
0.00 (0.00) c
0.00 (0.00) c
0.00 (0.00) c
0.02 (0.01) b
0.14 (0.05) a
<0.01

Mean (SEM) numbers of various insect pests per 25 sweeps for small plot studies evaluating five sampling periods in
Mississippi during 2013 and 2014.

Mean (± SEM)
Sample
Green
Velvetbean
Date
Cloverworm
Caterpillar
Looper
Total Insects
<6/15
0.08 (0.03) b
0.01 (0.01) a
0.00 (0.00) d
4.49 (0.35) c
6/15-7/15
0.14 (0.04) b
0.02 (0.01) a
0.02 (0.02) d
5.05 (0.25) c
7/15-8/15
0.06 (0.01) b
0.02 (0.01) a
0.21 (0.03) c
9.04 (0.30) b
8/15-9/15
0.38 (0.07) a
0.04 (0.02) a
3.31 (0.26) a 36.70 (1.42) a
>9/15
0.08 (0.04) b
0.90 (0.05) a
1.28 (0.19) b 40.10 (2.15) a
0.15
P-Value
<0.01
<0.01
<0.01
Analyses are based on the Kruskal-Wallis test and mean separations are based on Dwass, Steel, Critchlow-Fligner method for
multiple comparisons with an alpha level of 0.05. Means within columns with same letters are not significantly different from one
another.

Sample
Date
<6/15
6/15-7/15
7/15-8/15
8/15-9/15
>9/15
P-Value
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Bean Leaf
Beetle
0.67 (0.27) c
1.14 (0.09) b
3.49 (0.23) b
4.72 (0.43) a
3.40 (0.88) b
<0.01

Threecornered
alfalfa hopper
1.10 (0.16) d
3.18 (0.18) c
6.23 (0.24) b
7.53 (0.47) a
7.25 (2.51) a
<0.01

Total Stink
bugs
0.26 (0.06) c
0.20 (0.03) c
0.39 (0.04) b
1.61 (0.22) a
2.13 (0.62) a
<0.01

Green Stink
bug
0.20 (0.05) c
0.09 (0.02) c
0.15 (0.02) c
0.39 (0.05) b
0.81 (0.31) a
<0.01

Mean (± SEM)
Brown Stink
bug
0.04 (0.01) c
0.05 (0.01) c
0.12 (0.02) b
0.34 (0.04) a
0.13 (0.07) b
<0.01

Southern
Green Stink
bug
0.02 (0.01) b
0.03 (0.01) b
0.03 (0.01) b
0.36 (0.13) a
0.11 (0.11) ab
<0.01

Redbanded
Stink bug
0.00 (0.00) d
0.03 (0.01) c
0.09 (0.02) c
0.54 (0.12) b
1.08 (0.45) a
<0.01

Mean (SEM) numbers of various insect pests per 25 sweeps for large plot studies evaluating five sampling periods in
Mississippi during 2015 and 2016.

Mean (± SEM)
Sample
Green
Velvetbean
Total Kudzu
Kudzu Bug
Kudzu Bug
Date
Cloverworm Caterpillar
Looper
Bugs
Adults
Nymphs
Total Insects
<6/15
0.34 (0.06) c 0.02 (0.01) b
0.10 (0.05) d
0.16 (0.14) d
0.16 (0.14) e
0.00 (0.00) d
2.71 (0.45) d
6/15-7/15 0.48 (0.05) b 0.04 (0.01) b
0.20 (0.03) d
0.41 (0.06) d
0.40 (0.06) d
0.01 (0.01) d
5.79 (0.24) c
7/15-8/15 0.69 (0.07) a 0.10 (0.05) b
1.08 (0.08) b
0.86 (0.13) c
0.71 (0.10) c
0.14 (0.04) c
13.00 (0.44) b
8/15-9/15 0.70 (0.13) a 0.71 (0.21) a
2.91 (0.25) a
1.86 (0.33) b
1.10 (0.19) b
0.76 (0.19) b
20.87 (1.04) a
>9/15
0.04 (0.04) d 0.00 (0.00) c
0.52 (0.30) c
7.79 (3.47) a
4.25 (1.49) a
3.54 (2.21) a
21.33 (7.79) a
P-Value
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
Analyses are based on the Kruskal-Wallis test and mean separations are based on Dwass, Steel, Critchlow-Fligner method for
multiple comparisons with an alpha level of 0.05. Means within columns with same letters are not significantly different from one
another.

Sample
Date
<6/15
6/15-7/15
7/15-8/15
8/15-9/15
>9/15
P-Value
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Bean Leaf
Threecornered Total Stink Green Stink
Beetle
alfalfa hopper
bugs
bug
5.60 (1.28) b
3.55 (0.23) c 0.23 (0.05) e 0.06 (0.02) f
8.07 (1.35) b
4.67 (0.26) bc 0.69 (0.07) d 0.29 (0.04) e
9.15 (1.14) a
4.58 (0.22) b
1.88 (0.26) c 0.67 (0.08) d
11.53 (1.49) a
5.71 (0.39) b 4.13 (0.52) b 1.25 (0.14) c
9.50 (0.68) a
8.87 (0.42) a 12.26 (0.79) a 3.36 (0.21) b
5.47 (0.56) b
10.21 (0.67) a 15.90 (1.57) a 5.01 (0.48) a
<0.01
<0.01
<0.01
<0.01

Mean (± SEM)
Brown Stink
bug
0.08 (0.02) c
0.16 (0.02) c
0.18 (0.03) bc
0.42 (0.08) b
0.84 (0.08) a
1.75 (0.20) a
<0.01

Southern
Green Stink
bug
0.01 (0.01) d
0.01 (0.01) d
0.30 (0.10) c
0.90 (0.21) b
2.86 (0.29) a
2.58 (0.50) a
<0.01

Redbanded
Stink bug
0.00 (0.00) b
0.00 (0.00) b
0.00 (0.00) b
0.00 (0.00) b
0.06 (0.02) a
0.02 (0.02) ab
<0.01

Mean (SEM) numbers of various insect pests per 25 sweeps for small plot studies evaluating six growth stages in
Mississippi during 2013 and 2014.

Mean (± SEM)
Growth
Green
Velvetbean
Stage
Cloverworm
Caterpillar
Looper
Total Insects
R2
0.04 (0.02) c
0.01 (0.01) a
0.08 (0.02) d
9.43 (1.36) d
R3
0.32 (0.07) a
0.03 (0.01) a
0.46 (0.08) c
14.00 (1.51) c
R4
0.29 (0.08) a
0.03 (0.01) a
1.04 (0.20) b
16.23 (1.36) b
R5
0.19 (0.07) b
0.01 (0.01) a
1.93 (0.30) a
21.94 (1.91) b
R6
0.14 (0.04) b
0.07 (0.03) a
2.05 (0.24) a
27.76 (1.16) a
R7
0.00 (0.00) d
0.00 (0.00) a
1.56 (0.24) a
26.62 (1.48) a
P-Value
<0.01
0.38
<0.01
<0.01
Analyses are based on the Kruskal-Wallis test and mean separations are based on Dwass, Steel, Critchlow-Fligner method for
multiple comparisons with an alpha level of 0.05. Means within columns with same letters are not significantly different from one
another.

Growth
Stage
R2
R3
R4
R5
R6
R7
P-Value
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Mean (± SEM)
Bean Leaf
Threecornered Total Stink
Green Stink
Beetle
alfalfa hopper
bugs
bug
0.64 (0.21) c
2.87 (0.70) bc 0.08 (0.04) bc 0.00 (0.00) d
1.11 (0.17) bc
3.38 (0.36) c
0.11 (0.02) c 0.06 (0.02) c
1.83 (0.30) b
3.65 (0.34) c
0.11 (0.02) c 0.05 (0.01( c
2.23 (0.27) b
5.59 (0.41) b
0.25 (0.05) bc 0.09 (0.02) c
3.49 (0.36) a
7.35 (0.43) a
0.52 (0.12) b 0.16 (0.03) b
4.17 (0.31) a
6.20 (0.31) ab
1.38 (0.14) a 0.42 (0.04) a
5.02 (0.97) a
9.45 (1.72) ab
0.69 (0.15) a 0.28 (0.10) ab
<0.01
<0.01
<0.01
<0.01
Brown Stink Southern Green
bug
Stink bug
0.08 (0.04) bc 0.00 (0.00) d
0.03 (0.01) c
0.02 (0.01) c
0.04 (0.01) c
0.02 (0.01) c
0.06 (0.01) bc 0.04 (0.03) bc
0.11 (0.02) ab 0.15 (0.10) b
0.30 (0.03) a
0.21 (0.06) a
0.28 (0.10) a 0.11 (0.06) ab
<0.01
<0.01

Redbanded
Stink bug
0.00 (0.00) b
0.02 (0.01) b
0.01 (0.01) b
0.06 (0.03) b
0.10 (0.03) b
0.47 (0.09) a
0.08 (0.05) ab
<0.01

Mean (SEM) numbers of various insect pests per 25 sweeps for large plot studies evaluating seven growth stages in
Mississippi during 2015 and 2016.

Mean (± SEM)
Growth
Green
Velvetbean
Total Kudzu Kudzu Bug
Kudzu Bug
Total Insects
Stage
Cloverworm
Caterpillar
Looper
Bugs
Adults
Nymphs
R1
0.29 (0.15) c
0.04 (0.03) c
0.27 (0.15) d 0.02 (0.02) b 0.02 (0.02) b
0.00 (0.00) b
4.22 (1.02) d
R2
0.57 (0.50) b
0.01 (0.01) c
0.30 (0.07) d 0.48 (0.10) b 0.44 (0.09) b
0.04 (0.02) b
5.95 (0.54) d
R3
0.50 (0.10) bc 0.10 (0.13) b
0.58 (0.15) c 0.58 (0.14) b 0.45 (0.10) b
0.13 (0.07) b
7.41 (0.66) d
R4
0.70 (0.11) a
0.11 (0.05) b
0.80 (0.17) b 0.80 (0.17) b 0.69 (0.14) b
0.11 (0.05) b
10.59 (0.67) c
R5
0.79 (0.10) a
0.39 (0.17) a
1.57 (0.18) a 1.41 (0.27) b 1.00 (0.18) ab 0.41 (0.13) a
15.52 (0.88) b
R6
0.50 (0.07) bc 0.20 (0.08) b
1.63 (0.15) a 0.92 (0.19) b 0.62 (0.10) b
0.30 (0.11) b
14.99 (0.63) b
R7
0.52 (0.20) bc
0.58 (0.31) a
1.88 (0.44) a 3.89 (1.54) a 2.45 (0.93) a
1.44 (0.80) a
22.08 (3.02) a
P-Value
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
Analyses are based on the Kruskal-Wallis test and mean separations are based on Dwass, Steel, Critchlow-Fligner method for
multiple comparisons with an alpha level of 0.05. Means within columns with same letters are not significantly different from one
another.

Growth
Stage
R1
R2
R3
R4
R5
R6
R7
P-Value
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Total Stink bug Green Stink bug Brown Stink bug
4.21 (0.59) ab
1.48 (0.19) b
0.26 (0.04) bc
2.08 (0.23) b
0.57 (0.06) c
0.29 (0.04) bc
2.29 (0.30) b
0.65 (0.07) c
0.35 (0.06) c
5.89 (0.80) b
1.79 (0.26) b
0.50 (0.08) bc
9.36 (1.13) a
2.59 (0.27) ab
0.74 (0.11) ab
10.06 (0.99) a
3.49 (0.35) a
1.05 (0.15) a
10.37 (1.33) a
2.53 (0.30) ab
0.60 (0.10) ab
<0.01
<0.01
<0.01

Mean (± SEM)
Southern Green
Stink bug
0.67 (0.15) ab
0.32 (0.07) ab
0.38 (0.11) c
1.14 (0.22) b
2.24 (0.41) ab
1.74 (0.30) ab
2.57 (0.48) a
<0.01

Redbanded Stink
bug
0.00 (0.00) bc
0.00 (0.00) c
0.00 (0.00) bc
0.01 (0.01) bc
0.03 (0.01) abc
0.01 (0.01) bc
0.12 (0.05) a
<0.01

Mean (± SEM)
Planting
Green
Velvetbean
Date
Cloverworm
Caterpillar
Looper
Total Insects
Late-Mar 0.12 (0.05) ab 0.02 (0.02) ab
0.07 (0.03) d
6.19 (0.47) e
Mid-Apr 0.09 (0.03) a
0.01 (0.01) ab
0.10 (0.03) d
7.38 (0.34) d
Early-May 0.07 (0.02) a
0.00 (0.00) b
0.26 (0.07) d
8.37 (0.47) d
Early-Jun 0.10 (0.04) a
0.02 (0.01) ab
0.85 (0.12) c
17.71 (0.99) c
Mid-Jun
0.19 (0.07) ab 0.06 (0.04) ab
2.20 (0.34) bc 26.41 (1.42) b
Early-Jul 0.41 (0.12) ab 0.07 (0.04) a
3.47 (0.41) a
40.67 (2.16) a
Mid-Jul
0.44 (0.12) ab 0.06 (0.02) a
2.59 (0.36) ab 41.94 (3.27) a
P-Value
<0.01
<0.01
<0.01
<0.01
Analyses are based on the Kruskal-Wallis test and mean separations are based on Dwass, Steel, Critchlow-Fligner method for
multiple comparisons with an alpha level of 0.05. Means within columns with same letters are not significantly different from one
another.

Threecornered
alfalfa hopper
2.18 (0.16) e
3.63 (0.18) d
3.25 (0.17) d
5.56 (0.36) c
8.66 (0.48) b
12.37 (0.63) a
10.66 (0.61) a
<0.01

Mean (SEM) numbers of various insect pests per 25 sweeps for small plot studies evaluating seven planting dates in
Mississippi during 2013 and 2014.

Planting Date Bean Leaf Beetle
Late-Mar
1.40 (0.19) e
Mid-Apr
2.38 (0.21) d
Early-May
3.42 (0.28) c
Early-Jun
7.74 (0.60) b
Mid-Jun
9.72 (0.85) b
Early-Jul
18.09 (1.71) a
Mid-Jul
22.37 (3.04) a
P-Value
<0.01
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Green
Cloverworm
0.58 (0.20) a
0.64 (0.14) a
0.71 (0.08) a
0.06

Planting
Date
Early
Normal
Late
P-Value

Velvetbean
Caterpillar
0.46 (0.05) a
0.56 (0.11) a
0.69 (0.07) a
0.89

Threecornered
alfalfa hopper
4.67 (0.28) b
5.44 (0.24) b
7.06 (0.45) a
<0.01

Looper
0.49 (0.06) c
1.14 (0.09) b
1.91 (0.21) a
<0.01

Total Stink
bugs
0.47 (0.06) a
0.59 (0.07) a
0.74 (0.14) a
0.21

Brown Stink
bug
0.09 (0.02) c
0.14 (0.01) b
0.20 (0.03) a
0.01
Kudzu Bug
Adults
0.67 (0.13) b
0.63 (0.08) ab
0.90 (0.14) a
0.03

Mean (± SEM)
Green Stink
bug
0.20 (0.03) a
0.18 (0.03) a
0.19 (0.02) a
0.27
Mean (± SEM)
Total Kudzu
Bugs
0.79 (0.16) b
0.79 (0.11) b
1.56 (0.30) a
0.02

Kudzu Bug
Nymphs
0.12 (0.04) b
0.16 (0.04) b
0.66 (0.20) a
0.04

Southern Green
Stink bug
0.06 (0.02) a
0.09 (0.03) a
0.19 (0.11) a
0.25

Total Insects
9.41 (0.48) c
11.35 (0.46) b
16.45 (0.92) a
<0.01

Redbanded
Stink bug
0.11 (0.03) a
0.19 (0.05) a
0.19 (0.05) a
0.40

Analyses are based on the Kruskal-Wallis test and mean separations are based on Dwass, Steel, Critchlow-Fligner method for
multiple comparisons with an alpha level of 0.05. Means within columns with same letters are not significantly different from one
another.

Bean Leaf
Beetle
2.47 (0.24) b
2.41 (0.16) b
4.45 (0.44) a
<0.01

Mean (SEM) numbers of various insect pests per 25 sweeps for large plot studies evaluating three planting dates in
Mississippi during 2015 and 2016.

Planting
Date
Early
Normal
Late
P-Value

Table 2.7
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Figure 2.1

Mean densities of various insect pests averaged across all planting dates
from small plot experiments conducted at two locations in Mississippi from
2013 to 2014.
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Figure 2.2

Mean densities of various insect pests averaged across all planting dates
from large plot experiments conducted throughout Mississippi from 2015
to 2016.
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ARTHROPOD NATURAL ENEMIES IN MISSISSIPPI AND THEIR IMPACT ON
SOYBEAN PEST POPULATIONS
Abstract
Soybean in the southern U.S. are exposed to many different yield limiting insect
pests throughout the growing season. Many of these insect pests have become more
difficult to control with foliar insecticides. Predaceous arthropods or natural enemies,
have been shown to reduce insect pests in soybean, as well as, minimize insecticide
applications. Multiple field studies were conducted to evaluate the population dynamics
of natural enemies in southern U.S. soybean. During 2013 and 2014, seven planting
dates of soybean were planted from late March through mid-July. Four treatments were
applied consisting of a selective insecticide, a broad-spectrum insecticide, a threshold
treatment, and an untreated control. Spined solider bug (Podisus maculiventris) (Say),
the assassin bug complex (Reduviidae: Hemiptera) (Nabidae: Hemiptera), and spiders
(Arachnid: Araneae) were the most common natural enemies found. All insecticide
treatments significantly lowered the densities of natural enemies compared to the
untreated control. In 2015 and 2016, statewide surveys of natural enemies were
conducted throughout Mississippi. These surveys were conducted in both the Hills and
Delta regions. Spined solider bug, the assassin bug complex, and spiders were the most
common natural enemies observed and no differences were observed between regions.
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For both studies, natural enemies were at the highest densities when high densities of
insect pests were present.
Introduction
Soybean accounts for the largest percentage of land area dedicated to row crop
production in the southern U.S. (NASS, 2016). With over 800,000 hectares of row crop
land dedicated to soybean production in Mississippi (NASS, 2016), the planting window
for soybean spans from late-March through mid-July (Heatherly and Elmore 1986,
Heatherly and Spurlock 1999, Heatherly 2005a). There has been a shift in cultural
practices with the development of the early soybean production system, where earlier
maturing soybean varieties are planted earlier than traditional production practices. The
early soybean production system involves planting more maturity group IV and maturity
group V soybean from mid-April through mid-May, compared to traditional production
practices where maturity group V and maturity group VI soybean were planted in June
(Heatherly and Spurlock 1999, Baur et al., 2000, Heatherly and Elmore 2004, Heatherly
2005a, Heatherly 2005b). The early soybean production system was developed to avoid
late season drought stress (Heatherly and Spurlock 1999, Heatherly, 2005a Heatherly
2005b), but these early plantings also showed benefits in avoiding late season insect pest
pressure that could potentially be yield limiting (Buschman et al., 1981, Funderburk et
al., 1999, Baur et al., 2000, McPherson et al., 2001).
There are many different pest species that can be yield limiting in soybean. Of
these pests, corn earworm, Heliocoverpa zea (Boddie); soybean looper, Chrysodeixis
includens (Walker); and a complex of stink bugs, (Hemiptera: Pentatomidae); are
typically the three most troubling insect pests for soybean producers in the southern U.S.
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(Musser, et al., 2015). The stink bug complex consists of the green stink bug
Acrosternum hilare (Say); southern green stink bug, Nezara viridula L.; and brown stink
bug, Euschistus servus (Say), as well as the redshouldered stink bug Thyanta custator
(F.), and the redbanded stink bug Piezodorus guildinii (Westwood) to a lesser extent
(Funderburk et al., 1999, Vyavhare et al., 2015). Other notable insect pests of soybean in
the southern U.S. include the bean leaf beetle, Ceratoma trifucata, (Förester); green
cloverworm, Hypena scabra (F.); and velvetbean caterpillar, Anticarsia gemmatalis
(Hübner) (Musser et al., 2015). All of these pests are known to occur in high densities in
the middle to late part of the growing season (Carner et al., 1974, Higley and Boethel
1994, Baur et al., 2000).
The insect pests of soybean have many natural enemies. These natural enemies
can consist of predators, parasitoids, as well as, many entomopathogenic diseases
(Shepard et al., 1974, Turnipseed and Kogan 1976). For the purposes of this paper, only
predaceous arthropods will be discussed. There are a variety of predaceous natural
enemies in soybean that feed directly on various stages of insect pests (Hutchison and
Pitre 1983, Sheehan 1986, Tonhasca 1993). Some of the more common natural enemies
found in soybean are Nabis spp., the big eyed bug Geocoris punctpes (Say), the minute
pirate bug Orius tristicolor (White), assassin bugs (Reduviidae), and multiple spider
species (Araneae). Natural enemies have been shown to negatively impact insect pests in
soybean (Glen 1977, Orr et al., 1989, Sunderland et al., 1998, Symondson et al., 2002),
therefore, arthropod natural enemies should be considered before insecticide applications
are made.
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Many broad-spectrum insecticides are used throughout the agricultural landscape.
In particular, soybean growers sometimes add broad-spectrum insecticides such as
pyrethroids or organophosphates to herbicide and fungicide applications. These
automatic applications of insecticides can have negative impacts on natural enemies
(Ohnesorg et al., 2009, Varenhorst and O'Neal 2012, Whalen et al., 2016), and can
potentially cause an increase in insect pest densities (Dutcher 2007, Gross and
Rosenheim 2011, Varenhorst and O'Neal 2012). Knowing that there are potential
negative effects due to automatic applications of broad-spectrum insecticides, the use of
more selective insecticides may minimize the negative effects on natural enemies. These
selective insecticides are only active on certain pest types, such as Lepidoptera, and have
less impact on natural enemies (Ruberson and Greenstone 1998, Gentz et al., 2010).
The objective of this study was to determine the population dynamics of selected
natural enemies in soybeans over a wide range of planting dates. Also multiple insect
management strategies, involving automatic broad-spectrum insecticide applications,
automatic selective insecticide applications, and a threshold based system were evaluated
to determine their impact on natural enemies.
Materials and Methods
Small Plot Study:
In 2013 and 2014, soybean were planted at seven planting dates spanning from
late March through mid-July. Plantings were made approximately every fifteen days
from the third week of March through the second week of July. Two locations were used
to represent the Hills region (R.R. Foil Experiment Station, Starkville, MS) and the Delta
region (Delta Research and Extension Center, Stoneville, MS). To represent the most
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common maturity groups planted in Mississippi, two indeterminate varieties were
planted. A maturity group IV soybean (Asgrow® 4632, Monsanto Company, St. Louis,
MO) and a maturity group V soybean (Asgrow® 5332, Monsanto Company, St. Louis,
MO) was used.
This experiment was arranged as a split-split-plot within a randomized complete
block design. This arrangement was implemented to aid in harvesting within each
planting date. The main plot factor was planting date, the sub-plot factor was maturity
group, and the sub-sub-plot factor was treatment. Four treatments were applied
consisting of scheduled applications of a selective insecticide, schedule applications of a
broad-spectrum insecticide, a threshold treatment, and an untreated control. For the
scheduled applications of selective insecticides treatment, chlorantraniliprole
(Prevathon®, Dupont Crop Protection, Newark, DE) was applied automatically at 75.3 g
ai/ha every two weeks from R1 (First Flower) through R7 (First Brown Pod) growth
stages (Fehr et al., 1971). Chlorantraniliprole was chosen due to selectivity towards
caterpillars and little to no efficacy of other insect orders (Catchot et al., 2016). The
scheduled applications of broad-spectrum insecticide treatment included dimethoate
(Dimethoate 4EC, Drexel Chemical Company, Memphis, TN) applied at 560.7 g ai/ha at
the R1, R3 (3/16th inch pod in upper four most nodes), and R5 (Beginning seed fill)
growth stages. Dimethoate was used because it is highly effective against many insect
orders (Catchot et al., 2016). The threshold treatment was sprayed only when action
thresholds were exceeded by any insect pests. The late-Mar planting in the Hills location
during 2013 reached action threshold for stink bugs and was treated with λ-cyhalothrin at
33.6 g ai/Ha. The early-Jun planting for the Hills location in 2013 reached action
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threshold for soybean looper and stink bug, and was treated with flubendiamide at 70.1 g
ai/Ha and λ-cyhalothrin at 33.6 g ai/Ha respectively. The mid-Jun, early-Jul, and mid-Jul
plantings reached action threshold for soybean looper, stink bug, and bean leaf beetle for
both regions, and were treated with flubendiamide at 70.1 g ai/Ha, λ-cyhalothrin at 33.6 g
ai/Ha, and thiamethoxam+λ-cyhalothrin at 33.6 g ai/Ha respectively. The action
thresholds and insecticide recommendations used were from Mississippi State University
(Insect Control Guide for Agronomic Crops) (Catchot et al., 2016). The untreated control
was never treated with insecticides. Plot size was 3.86m wide on 96.5cm centers by
19.8m long with four replications. Both locations were irrigated as needed throughout
the growing season. Plots were sampled weekly with a 38.1cm sweep net conducting 25
sweeps per plot. Samples were placed in 3.8L Ziploc® bags and then frozen at 00 C for
48 hours. Samples were then processed and all natural enemies and insect pests were
counted.
Large Plot Study:
During the 2015 and 2016 growing seasons, statewide surveys were conducted
throughout Mississippi. These surveys were conducted on growers’ fields in both the
Hills and Delta regions. A total of 169 fields were surveyed, with 69 fields surveyed in
2015 and 100 fields surveyed in 2016. Surveys were conducted between the latitudes of
34⁰ 17’3, 49⁰N and 32⁰ 18’42.73⁰N, and the longitudes of 90⁰ 55’11.87⁰N and 88⁰
20’57.31⁰ W. Fields were chosen randomly based on three planting windows. The
planting windows was categorized as early (planted before 1 May), normal (planted
between 1 May and 1 Jun), and late (after 1 Jun). Fields were sampled weekly from the
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R1 through the R7 growth stages. Samples were taken with a 38.1cm sweep net
conducting 100 sweeps per field. All natural enemies and insect pests were counted and
recorded in the field. Fields were management by the grower and some fields likely
received insecticide applications.
Data Analysis:
To determine when natural enemies were most common in soybean, data for each
species were subjected to frequency analyses (PROC FREQ, SAS Institute Inc., Cary,
NC). Sample date categories were made that consisted of before 15 Jun, between 15 Jun
and 15 Jul, between 15 Jul and 15 Aug, between 15 Aug and 15 Sep, and after 15 Sep.
Nonparametric analyses (PROC NPAR1WAY, SAS Institute Version 9.4) were
used for analysis of variance of natural enemies by planting date, region, year, and
growth stage. Treatment was also analyzed across planting dates for the small plot study.
The Kruskal-Wallis test based on Wilcoxon Rank Sums was used with the Dwass, Steel,
Critchlow-Fligner method for multiple comparisons to obtain mean separations. This
method was used because all natural enemies had non normal distributions based the
Shapiro-Wilks (W=0.06-0.77, P<0.01) test in PROC UNIVARIATE (SAS Institute
Version 9.4). All differences in means were determined using an alpha level of 0.05.
For both the frequency analysis and the Kruskal-Wallis tests for the small plot
study, maturity group was pooled. These data were pooled because the soybean varieties
from both maturity groups had relatively the same amount of natural enemies at each
sampling period. For both the small plot and large plot studies the natural enemies
recorded consisted of pirate bugs, big eyed bugs, lacewings (Chrysopidae and
Hemerobiidae), lady beetles (Coccinellidae), spined solider bugs Podisus maculiventris
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(Say), assassin bug complex (Reduviidae and Nabidae), and spiders. For lacewings only
immatures were used, and both green lacewings (Chrysopidae) and brown lacewings
(Hemerobiidae) were combined together for analysis. The assassin bug complex
combined all assassin bugs and nabids together. The most common insect pests
encountered for both the small plot and large plot studies were threecornered alfalfa
hopper, Spissistilus festinus (Say), bean leaf beetle, a complex of stink bug, and soybean
looper. The stink bug complex consisted of green stink bug, southern green stink bug,
brown stink bug, redbanded stink bug, and the redshouldered stink bug.
Correlation analyses (PROC CORR, SAS Institute Version 9.4) were conducted
between all natural enemies and the most common soybean insect pests encountered for
both the small and large plot studies. For the small plot study, correlations were made by
pooling all treatments, planting dates, varieties, region, and year. For the large plot study,
planting date, region, and year were pooled for correlations.
Results and Discussion
Natural Enemy Occurrence Based On Sample Date, Growth Stage, and Planting
Date
Pirate Bug
Pirate bugs were found in almost all sample date, growth stage, and planting date
categories (Table 3.1). The only frequency analyses that were significant included the
analysis for sample date (χ2=1893.30; df=8; P<0.01) and growth stage (χ2=23.25; df=12;
P=0.03) in the large plot study. Positive samples based on sample date categories ranged
from 0% for samples after 15 Sep to 95.6% for samples prior to 15 Jun. Positive samples
based on growth stage ranged from 0% at R7 to 16.16% at R2. No other frequency
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analyses were significant. In the small plot study, positive samples ranged from 0.5% to
2.0% based on sample date categories, from 0.4% to 2.8% based on growth stage, and 0%
to 2.0% based on planting date. In the large plot study, positive sample ranged from 6.6
to 12.0% based on planting date. In the small plot study pirate bug densities stayed
relatively low throughout the growing season (Figure 3.1A), but pirate bug generally
increased throughout the growing season in the large plot study (Figure 3.2A).
The only Kruskal-Wallis tests that were significant for pirate bug occurrence were
sample date (χ2=13.11; df=4; P=0.01) and year (χ2=48.11; df=1; P<0.01) in the large plot
study. Significantly higher densities of pirate bug were observed for the 15 Jun-15 Jul
sample date category compared to all other sample date categories (Table 3.2).
Significantly more pirate bug were observed in 2016 (μ=0.26, SEM=0.03) compared to
2015 (μ=0.06, SEM=0.02). No other Kurskal-Wallis tests were significant.
Pirate bugs in general decreased throughout the growing season. Studies
conducted in Arkansas, Missouri, North Carolina, Ohio, Minnesota, and Virginia have
shown that pirate bugs are one of the most common natural enemies found in soybean
(Balduf 1923, Kretzschmar 1948, Blickenstaff and Huggans 1962, Tugwell et al., 1973,
Barry et al., 1974, Deitz 1976, Whalen et al., 2016).
Big Eyed Bug
Big eyed bugs were found in all sample date, growth stage, and planting date
categories (Table 3.1). The only frequency analysis that was significant was sample date
(χ2=1473.8; df=8; P<0.01) for the large plot study. Positive samples based on sample
date, ranged from 29.5% at the 15 Jul-15 Aug sampling period, to 96.8% for samples
prior to 15 Jun (Table 3.1). No other frequency analyses was significant. In the small
92

plot study, positive samples ranged from 21.8% to 28.8% based on sample date, 23.2% to
28.8% based on growth stage, and 18.5% to 29.1% based on planting date (Table 3.1). In
the large plot study, positive samples ranged from 28% to 47.8% based on growth stage,
and 32.3% to 35.1% based on planting date (Table 3.1). Two peaks occurred for the
small plot study, with the first peak occurring during early Jul, then big eyed bugs
decreased until increasing again at 15 Sep (Figure 3.1A). There was a steady increase of
big eyed bugs as sample date progressed for the large plot study (Figure 3.2A).
The only Kruskal-Wallis tests that were significant for big eyed bug occurrence
were sample date (χ2=9.37; df=4; P=0.05) in the large plot study, planting date (χ2=15.48;
df=1; P=0.02) in the small plot study, as well as year (Small Plot Study: χ2=9.53; df=1;
P<0.01; Large Plot Study: χ2=11.11; df=1; P=0.02) and region (Small Plot Study:
χ2=5.60; df=1; P=0.02; Large Plot Study: χ2=12.80; df=1; P<0.01) in both studies.
Significantly higher densities of big eyed bug were observed at the 15 Aug-15 Sep and
>15 Sep sample date categories compared to all other sample date categories (Table 3.2).
Significantly higher densities were observed in the late-Mar, mid-Apr, early-Jun, and
mid-Jul plantings compared to all other plantings (Table 3.4). Significantly more big
eyed bugs were found during 2014 (μ=0.66, SEM=0.05) compared to 2013 (μ=0.49,
SEM=0.04) for the small plot study. Significantly more big eyed bugs were found in
2015 (μ=0.96, SEM=0.10) compared to 2016 (μ=0.65, SEM=0.05) for the large plot
study. The Hills region (μ=0.71, SEM=0.04) had significantly more big eyed bugs than
the Delta region (μ=0.54, SEM=0.04) for the small plot study. The Hills region (μ=0.90
SEM=0.07) had significantly more big eyed bugs than the Delta region (μ=0.69
SEM=0.07) for the large plot study. No other Kruskal-Wallis tests were significant.
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Big eyed bugs were commonly found throughout the growing season for both the
small and large plot studies. This is consistent with multiple studies throughout the
southern U.S. (Barry, 1973 Tugwell et al., 1973, Shepard et al., 1974, Deitz 1976,
Whalen et al., 2016).
Lacewings
Lacewings were found in all sample date, growth stage, and planting date
categories (Table 3.1). The only frequency analyses that were significant were sample
date (χ2=1446.61; df=8; P<0.01) and growth stage (χ2=58.11; df=12; P<0.01) for the
large plot study. Positive samples based on sample date, ranged from 13% for the 15
Jun-15 Jul sample date category to 95% for samples prior to 15 Jun (Table 3.1). Positive
samples based on growth stage, ranged from 8.6% at the R7 growth stage to 34.5% at the
R6 growth stage (Table 3.1). No other frequency analyses were significant. In the small
plot study, positive samples ranged from 4.6% to 6.6% based on sample date, 4.2% to
5.9% based on growth stage, and 3.7% to 7.5% based on planting date (Table 3.1). In the
large plot study, positive samples ranged from 18% to 22.1% based on planting date
(Table 3.1). Lacewings had a small peak in early June before flattening out until early
Oct where numbers started increasing again for the small plot study (Figure 3.1B). There
was a general increase for lacewings throughout the growing season with steepest
increase occurring after the beginning of Sep for the large plot study (Figure 3.2B).
The only Kruskal-Wallis tests that were significant for the occurrence of lacewing
were sample date (χ2=46.39; df=4; P<0.01), growth stage (χ2=55.90; df=6; P<0.01), and
region (χ2=59.88; df=1; P<0.01) in the large plot study, as well as year (Small Plot Study:
χ2=6.6; df=1; P =0.01; Large Plot Study: χ2=216.74; df=1; P<0.01) for both studies.
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Significantly higher densities of lacewing were observed in the 15 Aug- 15 Sep and >15
Sep sample date categories compared to all other sample date categories (Table 3.2).
Significantly higher densities of lacewing were observed during the R6 growth stage
compared to all other growth stages (Table 3.3). Significantly more lacewings were
found in 2013 (μ=0.11, SEM=0.02) compared to 2014 (μ=0.06, SEM=0.01).
Significantly more lacewings were found in 2016 (μ=0.74, SEM=0.05) compared to 2015
(μ=0.02, SEM=0.01). Significantly more lacewings were found in the Hills region
(μ=0.71, SEM=0.07) compared to the Delta region (μ=0.21, SEM=0.02) for the large plot
study. No other Kruskal-Wallis tests were significant.
Lacewings were found a relatively low densities throughout the small plot study,
but were more common in the large plot study. Lacewings have been shown to be
variable in soybean, with more occurring in one year compared to the next, but typically
at low densities (Shepard et al., 1974).
Lady Beetles
Lady beetles were found in all sample date, growth stage, and planting date
categories (Table 3.1). The frequency analysis for sample date (Small Plot Study:
χ2=65.50; df=8; P<0.01: Large Plot Study: χ2=1013.42; df=8; P<0.01), and planting date
(Small Plot Study: χ2=98.06; df=12; P<0.01: Large Plot Study: χ2=10.84; df=4; P=0.03),
as well as growth stage for the large plot study (χ2=37.92; df=12; P<0.01) were all
significant. In the small plot study, positive samples based on sample date, ranged from
5.7% for samples collected after 15 Sep to 24.7% for samples collected between 15 Jun15 Jul sample date category (Table 3.1). In the small plot study, positive samples based
on planting date, ranged from 6.6% for the mid-Jul planting to 27.1% for the mid-Apr
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planting (Table 3.1). In the large plot study, positive samples based on sample date,
ranged from 33.3% for samples collected after 15 Sep to 96.8% for samples collected
prior to 15 Jun (Table 3.1). In the large plot study, positive samples based on growth
stage, ranged from 17.1% during the R7 growth stage to 59.7% durimg the R6 growth
stage (Table 3.1). In the large plot study, positive samples based on planting date, ranged
from 42.5% at the normal planting to 53.8% at the late planting (Table 3.1). No other
frequency analysis was significant. Positive samples ranged from 17.2% to 20.7% based
on growth stage for the small plot study (Table 3.1). There was an increase of lady
beetles from mid-May through early July before lady beetle numbers started to decrease
for the small plot study (Figure 3.1B). There was a large increase in lady beetle numbers
from late May through mid-July before lady beetle numbers started decreasing again, but
had a slight increase again starting in early Oct for the large plot study (Figure 3.2B).
The only Kruskal-Wallis tests that were significant for lady beetle occurrence
were sample date (Small Plot Study: χ2=50.43; df=4; P<0.01: Large Plot Study: χ2=25.35;
df=4; P<0.01), planting date (Small Plot Study: χ2=77.38; df=6; P<0.01; Large Plot
Study: χ2=8.65; df=2; P=0.01), year (Small Plot Study: χ2=19.13; df=1; P<0.01; Large
Plot Study: χ2=317.86; df=1; P<0.01), and region (Small Plot Study: χ2=73.75; df=1;
P<0.01; Large Plot Study: χ2=32.41; df=1; P<0.01) were significant for both studies, as
well as growth stage (Large Plot Study: χ2=31.73; df=6; P<0.01). Significantly higher
densities of lady beetle were observed in the 15 Jun-15 Jul sample date category
compared to all other sample date categories for both studies (Table 3.2). Significantly
higher densities of lady beetle were observed during the R1-R3 and R6 growth stages
compared to the other growth stages (Table 3.3). A significant effect of planting date
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was observed for lady beetle in both studies (Small Plot Study: χ2=77.38; df=6; P<0.01;
Large Plot Study: χ2=8.65; df=2; P=0.01), with the mid-Apr and normal plantings having
significantly higher densities of lady beetle than all other plantings in the small plot study
and large plot study, respectively (Table 3.4). Significantly more lady beetles were found
in 2014 (μ=0.46, SEM=0.04) compared to 2013 (μ=0.24, SEM=0.02). Significantly more
lady beetles were found in 2016 (μ=2.82, SEM=0.16) compared to 2015 (μ=0.34,
SEM=0.04). Significantly more lady beetles were found in the Hills region (μ=0.52,
SEM=0.04) compared to the Delta region (μ=0.17, SEM=0.02) in the small plot study.
Significantly more lady beetles were found in the Hills region (μ=2.58, SEM=0.20)
compared to the Delta region (μ=1.09, SEM=0.07) in the large plot study. No other
Kruskal-Wallis tests were significant.
Lady beetles were one of the more common natural enemies observed in both the
small plot and large plot studies. Lady beetles have been observed at varying densities in
studies conducted in South Carolina, Virginia, and Arkansas (Tugwell et al., 1973,
Shepard et al., 1974, Whalen et al., 2016).
Spined Solider Bug
Spined solider bug was observed in all sample date, growth stage, and planting
date categories (Table 3.1). The only frequency analyses that were significant were
sample date (χ2=1473.80; df=8; P<0.01), growth stage (χ2=23.26; df=12; P=0.03), and
planting date (χ2=10.83; df=4; P=0.03) for the large plot study. Positive samples based
on sample date, ranged from 17.4% during the 15 Jun-15 Jul sampling period to 95.7%
for samples collected prior to 15 Jun (Table 3.1). Positive samples based on growth
stage, ranged from 11.4% during the R7 growth stage to 29.1% during the R6 growth
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stage (Table 3.1). Positive samples based on planting date, ranged from 21.2% at the
early planting to 26.6% at the normal planting (Table 3.1). In the small plot study,
positive samples ranged from 7.3% to 14.6% based on sample date, 5.9% to 11.7% based
on growth stage, and 5.5% to 11.7% based on planting date (Table 3.1). Spined soldier
bugs peaked twice in the small plot study, with the first peak occurring in mid-Jun, and
the second peak occurring in late Sep (Figure 3.1C). There was a general increase of
spined soldier bugs throughout the growing season, with the largest increase beginning in
early Sep for the large plot study (Figure 3.2C).
The only Kruskal-Wallis tests that were significant for the occurrence of spined
solider bug were sample date (Small Plot Study: χ2=9.92; df=4; P=0.04; Large Plot
Study: χ2=37.95; df=4; P<0.01) and year (Small Plot Study: χ2=18.88; df=1; P<0.01;
Large Plot Study: χ2=141.39; df=1; P<0.01) for both studies, as well as growth stage
(χ2=15.32; df=6; P=0.02) and region (χ2=4.90; df=1; P=0.03) in the large plot study.
Significantly higher densities of spined soldier bug were observed during the <15 Jun, 15
Aug-15 Sep, and >15 Sep sample date categories compared to all other sample date
categories in the small plot study (Table 3.2). Significantly higher densities of spined
solider bug were observed in the 15 Aug-15 Sep and the >15 Sep sample date categories
compared to all other sample date categories in the large plot study (Table 3.2).
Significantly higher densities of spined soldier bug were observed during the R4 and R6
growth stages compared to all other growth stages (Table 3.3). Significantly more spined
soldier bugs were found in 2013 (μ=0.17, SEM=0.02) compared to 2014 (μ=0.09,
SEM=0.01). Significantly more spined soldier bugs were found in 2016 (μ=0.90,
SEM=0.06) compared to 2015 (μ=0.11, SEM=0.02). Significantly more spined soldier
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bugs were found in the Hills region (μ=0.72, SEM=0.07) compared to the Delta region
(μ=0.43 SEM=0.04). No other Kruskal-Wallis tests were significant.
In general, spined solider bugs increased throughout the growing season. This is
most likely due to an increase in hosts, such as caterpillar pests being more abundant in
these studies late in the growing season. In Florida, the peak occurrence of spined solider
bugs was between mid-May and mid-July (Herrick and Reitz 2004). For both the small
plot and large plot studies, the peak occurrence of spined soldier bugs was observed late
in the growing season during Sep, which was later than in the studies conducted in
Florida. This is likely due to a difference in growing practices and shifts in planting
windows between these locations.
Assassin Bug Complex
The assassin bug complex was observed in all sample date, growth stage, and
planting date categories (Table 3.1). The only frequency analyses that were significant
were sample date for the large plot study (χ2=1696.7; df=8; P<0.01), as well as, growth
stage (χ2=20.82; df=10; P=0.02) and planting date (χ2=21.08; df=12; P=0.05) in the small
plot study. Positive samples based on sample date, ranged from 7.6% for samples taken
during the 15 Jun-15 Jul sample period to 95.3% for samples taken prior to 15 Jun (Table
3.1). Positive samples based on growth stage, ranged from 2.5% during the R3 growth
stage to 21.6% during the R2 growth stage (Table 3.1). Positive samples based on
planting date, ranged from 9.5% for the late-Mar planting to 19.8% for the mid-Jul
planting (Table 3.1). In the small plot study, positive sample ranged from 9.9% to 20.3%
based on sample date (Table 3.1). In the large plot study, positive samples ranged from
4.4% to 48.6% based on growth stage, and from 13.3% to 15.8% based on planting date
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(Table 3.1). There was a general upward trend for the assassin bug complex with a peak
occurring in late Jul and again in mid-Oct for the small plot study (Figure 3.1C). There
was a slight decrease for the assassin bug complex from mid-May the mid-Jul before the
assassin bug complex increased throughout the rest of the sampling period for the large
plot study (Figure 3.2C).
The only Kruskal-Wallis tests that were significant for the occurrence of the
assassin bug complex were sample date (Small Plot Study: χ2=10.16; df=4; P=0.04;
Large Plot Study: χ2=29.48; df=4; P<0.01) and growth stage (Small Plot Study: χ2=11.02;
df=5; P=0.05; Large Plot Study: χ2=48.90; df=6; P<0.01) for both studies, planting date
(χ2=20.87; df=6; P<0.01) and region (χ2=25.87; df=1; P<0.01) in the small plot study, as
well as year (χ2=68.76; df=1; P<0.01) in the large plot study. Significantly higher
densities of the assassin bug complex were observed in the >15 Sep sample date category
compared to all other sample date categories for both studies (Table 3.2). Significantly
higher densities of the assassin bug complex were observed during the R2 growth stage
compared to all other growth stages in the small plot study (Table 3.3). Significantly
higher densities of the assassin bug complex were observed during the R7 growth stage
compared to all other growth stages in the small plot study (Table 3.3). Significantly
higher densities of the assassin bug complex were observed in the early-Jun, mid-Jun,
and mid-Jul plantings compared to all other plantings (Table 3.4). Significantly more of
the assassin bug complex was found in 2015 (μ=0.53, SEM=0.11) compared to 2016
(μ=0.09, SEM=0.01). Significantly more of the assassin bug complex was found in the
Hills region (μ=0.31, SEM=0.02) compared to the Delta region (μ=0.19, SEM=0.02). No
other Kruskal-Wallis tests were significant.
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The assassin bug complex increased throughout the growing season. This is
likely due to an increase in hosts such as soybean looper later in the growing season.
Shepard et al. (1974) observed this increase in the assassin bug complex occurring when
caterpillar pests were in high densities in South Carolina.
Spiders
Spiders were found in all sample date, growth stage, and planting date categories
(Table 3.1). The only frequency analyses that were significant were sample date
(χ2=1502.31; df=8; P<0.01) and growth stage (χ2=60.65; df=12; P<0.01) for the large plot
study, and planting date (χ2=21.5; df=12; P=0.04) for the small plot study. Positive
samples based on sample date, ranged from 8.3% for samples collected after 15 Sep to
95.4% for samples collected prior to 15 Jun (Table 3.1). Positive samples based on
growth stage, ranged from 19.6% during the R6 growth stage to 62.8% during the R7
growth stage (Table 3.1). Positive samples based on planting date, ranged from 21.3%
for the early-Jul planting to 32.6% for the early-Jun planting (Table 3.1). In the small
plot study, positive samples ranged from 26.3% to 32% based on sample date, and from
26.3% to 31.5% based on growth stage (Table 3.1). In the large plot study, positive
samples ranged from 24% to 30% based on planting date (Table 3.1). Densities of
spiders generally increased throughout the growing season, with the largest increase
starting in mid-May and peaking in mid-Jul, before leveling out for the small plot study
(Figure 3.1C). Spider densities increased from mid-May until mid-Jul where they peaked
and then declined through the rest of the growing season for the large plot study (Figure
3.2C).
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The only Kruskal-Wallis tests that were significant for the occurrence of spider
were year (Small Plot Study: χ2=20.41; df=1; P<0.01; Large Plot Study: χ2=573.71; df=1;
P<0.01) and region (Small Plot Study: χ2=156.89; df=1; P<0.01; Large Plot Study:
χ2=11.86; df=1; P<0.01) for both studies, sample date (χ2=14.48; df=4; P<0.01) and
growth stage (χ2=57.22; df=6; P<0.01) for the large plot study, as well as planting date
(χ2=14.6; df=6; P=0.02) for the small plot study. Significantly higher densities of spiders
were observed in the 15 Jun-15 Jul, 15 Jul-15 Aug, and 15 Aug-15 Sep sample date
categories compared to all other sample date categories (Table 3.2). Significantly higher
densities of spiders were observed during the R7 growth stage compared to all other
growth stages (Table 3.3). Significantly higher densities of spiders were observed in the
early-Jun planting compared to the mid-Apr, early-May, mid-Jun, and early-Jul plantings
(Table 3.4). Significantly higher densities of spider were observed in 2013 (μ=0.65,
SEM=0.04) compared to 2014 (μ=0.41, SEM=0.03). Significantly more spiders were
found in 2015 (μ=2.52, SEM=0.15) compared to 2016 (μ=0.01, SEM=0.01).
Significantly more spiders were found in the Hills region (μ=0.79, SEM=0.04) compared
to the Delta region (μ=0.27, SEM=0.02) for the small plot study. Significantly more
spiders were found in the Hills region (μ=1.56, SEM=0.14) compared to the Delta region
(μ=0.72, SEM=0.07) for the large plot study. No other Kruskal-Wallis tests were
significant.
Spiders were relatively consistent throughout the growing season for the small
plot study, but decreased throughout the growing season for the large plot study. Spiders
in studies conducted in South Carolina peaked between mid-Aug to early Oct (Shepard et
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al., 1974), which was consistent with the highest densities of spider observed in both the
small and large plot studies.
Total Natural Enemies
Natural enemies were observed in all sample date, growth stage, and planting date
categories (Table 3.1). The only frequency analysis that were significant were sample
date (χ2=1437.14; df=8; P<0.01) and growth stage (χ2=69.84; df=12; P<0.01) for the
large plot study, as well as planting date for both studies (Small Plot Study: χ2=28.56;
df=12; P<0.01: Large Plot Study: χ2=12.07; df=4; P=0.02). Positive samples based on
sample date, ranged from 33.4% for the 15 Jul-15 Aug sample date category to 96.7% for
samples collected prior to 15 Jun (Table 3.1). Positive samples based on growth stage,
ranged from 30.5% during the R1 growth stage to 85.7% during the R7 growth stage
(Table 3.1). Positive samples based on planting date, ranged from 55.8% for the early-Jul
planting to 67.4% for the early-Jun planting in the small plot study (Table 3.1), and from
34.2% for the late planting to 46.2% for the normal planting in the large plot study (Table
3.1). No other frequency analyses were significant. In the small plot study, positive
samples ranged from 4.6% to 65.2% based on sample date, and from 58.7% to 66.9%
based on growth stage (Table 3.1). Two peaks occurred for total natural enemies, with
the first peak occurring in early Jul and the second peak occurring at mid-Oct for the
small plot study (Figure 3.1D).Three peaks occurred for total natural enemies, with the
first peak occurring during early Jun and the second peak occurring during early Aug for
the large plot study (Figure 3.2D). The largest peak occurred in early October before a
drastic decrease occurring afterwards for the large plot study (Figure 3.2D).
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The only Kruskal-Wallis tests that were significant for the occurrence of total
natural enemies were sample date (Small Plot Study: χ2=9.95; df=4; P=0.04; Large Plot
Study: χ2=11.24; df=4; P=0.02), planting date (Small Plot Study: χ2=22.75; df=6; P<0.01;
Large Plot Study: χ2=12.17; df=2; P<0.01) , and year (Small Plot Study: χ2=4.57; df=1;
P=0.03; Large Plot Study: χ2=759.63; df=1; P<0.01) for both studies, as well as region
(χ2=106.76; df=1; P<0.01) for the small plot study, and growth stage (χ2=61.91; df=6;
P<0.01) for the large plot study. Significantly higher densities of total natural enemies
were observed in the 15 Jun-15 Jul and 15 Jul-15 Aug sample date categories compared
to all other sample date categories in the small plot study (Table 3.2). Significantly
higher densities of total natural enemies were observed during the 15 Jul-15 Aug, 15
Aug-15 Sep, and >15 Sep sample date categories compared to all other sample date
categories (Table 3.2). Significantly higher densities of total natural enemies were
observed during the R7 growth stage compared to all other growth stages (Table 3.3).
Significantly higher densities of total natural enemies were observed for the early-Jun
planting compared to all other plantings (Table 3.4). Significantly higher densities of
total natural enemies were observed for the late planting compared to the normal planting
soybean (Table 3.4). Significantly more natural enemies were found in 2013 (μ=2.08,
SEM=0.08) compared to 2014 (μ=1.94, SEM=0.09) in the small plot study. Significantly
more natural enemies were found in 2015 (μ=4.58, SEM=0.23) compared to 2016
(μ=0.08, SEM=0.02) for the large plot study. Significantly more natural enemies were
found in the Hills region (μ=2.56, SEM=0.09) compared to the Delta region for the small
plot study (μ=1.45, SEM=0.07). No other Kruskal-Wallis tests were significant.
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Impact of Insecticide Applications on Natural Enemies
A significant effect of insecticide treatment was observed only for spiders
(X2=16.68; df=3; P<0.01) and total natural enemies (X2=11.87; df=3; P<0.01) (Table
3.5). Spider densities were significantly higher in the untreated plots and threshold
treatment plots compared to those in plots that received automatic applications of
selective or broad-spectrum insecticides (Table 3.5). This could be due to higher prey
densities in the untreated plots and threshold treatment plots compared to the selective
and broad-spectrum treatments. Total natural enemy densities were significantly higher
in the untreated plots compared to all insecticide treated plots (Table 3.5). Studies
conducted in Virginia have shown the negative impacts of broad-spectrum insecticide
applications compared to selective insecticide applications on multiple natural enemies
(Whalen et al, 2016). While this was not fully represented in these studies for natural
enemies other than spiders, or all natural enemies combined, densities of natural enemies
in general were lower in these studies compared to those in Virginia (Whalen et al. 2016).
In some instances, resistance to common insecticides used in soybean could be the reason
for a lack of treatment differences. Multiple studies with lady beetles, including
Coleomegilla maculate (De Geer), Cycloneda sanguinea (L.), Eriopis connexa (Germar),
Harmonia axyridis (Pallas), Hippodamia convergens (Guérin-Méneville), Olla v-nigrum
(Mulsant), and Brumoides foudrasi (Mulsant), have shown resistance to multiple
insecticide classes (Glavan et al. 2005, Rodrigues et al. 2013a, Rodrigues et al. 2013b).
In general, while not always significant, the selective insecticide treatments resulted in
higher densities of natural enemies than the broad-spectrum insecticide applications.
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Impact of Natural Enemies on Soybean Insect Pests
Correlations fluctuated between positive and negative between the small plot and
large plot studies (Table 3.6). Most natural enemies had negative correlations with at
least one of the pests included in the analysis (Table 3.6).

More negative correlations

were observed in the small plot study, whereas more positive correlations were observed
in the large plot study. (Table 3.6). In general, there were few strong negative
correlations between natural enemies and insect pests, although there were many strong
positive correlations (Table 3.6). This suggest that natural enemies are at higher densities
when insect pests are also at higher densities. This may not hold true for some natural
enemies such as pirate bug and big eyed bug, that will feed on eggs of insect pests, but
for natural enemies such as spined solider bug and the assassin bug complex that
generally do not feed on eggs, a food source must be present for survival.
Conclusion
In general natural enemies increased as the growing season progressed. The late
season peak of natural enemies, coincides with the peak of most insect pests of soybean
in the southern U.S. While growth stage did have some impact on natural enemy
occurrence, this is likely due to it being the growth stage when the most insect pests were
present. Planting date did have a significant impact on natural enemies. While the
planting date itself probably did not influence natural enemies directly, planting dates did
influence insect pest pressure therefore increasing natural enemy occurrence in these
plantings.
There are many different natural enemies that occur in southern U.S. soybean
fields. Many studies have shown that pirate bugs and big eyed bugs are two of the most
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common natural enemies found in soybean (Balduf 1923, Kretzschmar 1948, Blickenstaff
and Huggans 1962, Barry 1973, Tugwell et al., 1973, Deitz 1976, Whalen et al., 2016),
but the assassin bug complex, spined solider bug, and spiders were the majority of the
natural enemies observed in the current studies. The difference between these
experiments could be the use of a sweep net to sample plots compared to a D Vac or beat
sheet used in trials where big eyed bugs and pirate bugs were most commonly observed
(Kretzschmar 1948, Barry 1973, Shepard et al., 1974, Deitz 1976).
With the occurrence of natural enemies coinciding with the presence of high
insect pests densities, soybean producers should be aware of this when making
insecticide applications. In the small plot study, all insecticide treatments significantly
lowered the densities of total natural enemies. Studies in Virginia showed that a broadspectrum insecticide significantly lowered natural enemies compared to a selective
insecticide treatment (Whalen et al., 2016). The difference between the trials in Virginia
compared to the small plot study could be the amount of natural enemies found, with
more natural enemies being found in Virginia. Soybean producers should be aware that
natural enemies typically occur in conjunction with insect pests. Natural enemies should
be taken into consideration when insecticide applications are needed, and a selective
insecticide should be used if possible. Also automatic applications of broad-spectrum
insecticides can decrease natural enemy densities, while allowing insect pests densities to
increase. Natural enemies alone may not always be able to suppress high populations of
yield limiting insect pests at a level where no yield loss is incurred, but they have the
potential to decrease insecticide applications and delay insecticide applications which can
be profitable to soybean growers.
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1.3
1.1
0.6
0.8
0.4
2.8
2.0
0.9
1.5
0.4
0.7
1.3
0.0

200
351
328
288
288
240
212

1.0
0.5

2.0
0.5
1.1

232
376
336
256
526
181

192

611

152
368
584

N1

Pirate
Bug
% Pos

28.5
29.1
24.1
25.1
18.5
20.8
28.3

25.4
25.0
23.2
24.2
24.3
28.8

21.8
26.6

26.3
28.8
24.4

Big Eyed
Bug
% Pos

7.5
3.7
4.9
6.0
3.8
4.2
6.2

4.7
5.6
4.2
5.9
4.6
5.5

4.6
5.2

6.6
4.9
5.0

18.0
27.1
22.6
26.4
13.9
8.8
6.6

19.4
20.7
19.6
17.2
17.3
17.7

14.4
5.7

17.1
24.7
24.0

8.5
8.0
5.5
11.1
10.8
11.7
9.5

6.9
9.3
9.5
5.9
10.5
11.7

9.7
14.6

7.3
7.9
8.1

Lady
Spined
Beetle
Soldier Bug
% Pos
% Pos
% Pos
Small Plot Study

2

Lacewing

9.5
11.1
14.0
19.1
18.1
17.1
19.8

21.6
2.5
12.2
16.0
15.4
18.2

16.2
20.3

9.9
13.3
15.8

Assn Bug
Complex3
% Pos

32.5
26.5
29.0
32.6
27.4
21.3
32.6

26.3
30.1
28.9
30.1
26.8
31.5

27.1
27.6

26.3
27.5
32.0

Spider
s
% Pos

62.5
63.5
61.3
67.4
60.8
55.8
63.2

62.9
60.4
62.5
58.7
62.4
66.9

59.3
52.0

4.6
64.2
65.2

Total Natural
Enemies
% Pos

Percent of samples with positive detections (%Pos) of various natural enemies for small plot studies conducted from
2013 to 2014 in Mississippi and large plot studies conducted from 2015 to 2016 in Mississippi.

Sample Date
<15 Jun
15 Jun-15 Jul
15 Jul-15 Aug
15 Aug-15
Sep
>15 Sep
Growth Stage
R2
R3
R4
R5
R6
R7
Planting Date
Late-Mar
Mid-Apr
Early-May
Early-Jun
Mid-Jun
Early-Jul
Mid-Jul

Table 3.1
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95.6
13.2
7.4
5.5
0.0
8.7
16.6
10.9
9.3
7.2
6.9
0.0
12.0
6.6
9.9

126
1
395
528
254
12

23
187
193
204
264
347
35

350
646
259

Pirate
Bug
% Pos

35.1
32.8
32.3

47.8
37.4
28.0
29.5
34.1
31.7
45.7

96.8
31.4
29.5
39.8
33.3

Big Eyed
Bug
% Pos

18.0
22.1
21.5

13.0
12.8
16.0
17.3
18.8
34.5
8.6

95.0
13.0
23.7
32.2
33.3

47.7
42.5
53.8

43.4
36.0
45.1
50.5
46.9
59.7
17.1

96.8
46.5
56.2
44.4
33.3

21.2
26.6
22.5

17.4
24.1
21.7
19.6
22.4
29.1
11.4

95.7
24.3
17.4
36.2
25.0

Lady
Spined
Lacewing
Beetle
Soldier Bug
% Pos
% Pos
% Pos
Large Plot Study
2

2

Number of samples
Only lacewing larvae were used for the lacewing category
3
A combination of Nabis spp. and Reduviidae spp. were used for the assn bug complex

1

<15 Jun
15 Jun-15 Jul
15 Jul-15 Aug
15 Aug-15 Sep
>15 Sep
Growth Stage
R1
R2
R3
R4
R5
R6
R7
Planting Date
Early
Normal
Late

Sample Date

N1

Table 3.1 (continued)
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14.6
15.8
13.3

4.4
6.4
8.3
14.2
15.2
18.2
48.6

95.3
7.6
15.2
22.5
33.3

Assn Bug
Complex3
% Pos

30.0
29.7
24.0

21.7
18.2
30.4
34.3
33.7
19.6
62.8

95.4
27.9
25.6
9.5
8.3

Spiders
% Pos

43.3
46.2
34.2

30.5
32.7
41.2
51.2
55.8
31.7
85.7

96.7
39.5
33.4
47.3
50.0

Total Natural
Enemies
% Pos

0.02 (0.01) a
0.01 (0.01) a
0.02 (0.01) a
0.01 (0.01) a
0.01 (0.01) a
0.60

< 6/15
6/15-7/15
7/15-8/15
8/15-9/15
> 9/15
P-Value
0.58 (0.10) a
0.63 (0.07) a
0.58 (0.06) a
0.50 (0.05) a
0.62 (0.10) a
0.17

Big Eyed
Bug
0.09 (0.03) a
0.08 (0.02) a
0.09 (0.02) a
0.08 (0.02) a
0.10 (0.04) a
0.90

Lacewing
Small Plot Study
0.37 (0.08) b
0.14 (0.05) a
0.57 (0.07) a
0.11 (0.02) b
0.40 (0.04) b
0.10 (0.02) b
0.24 (0.03) c
0.15 (0.02) a
0.08 (0.03) d
0.18 (0.03) a
<0.01
0.04
Large Plot Study
0.14 (0.03) d
0.08 (0.01) b
0.60 (0.07) a
0.12 (0.01) b
0.45 (0.03) b
0.09 (0.01) c
0.26 (0.03) c
0.29 (0.04) a
0.11 (0.05_ d
0.23 (0.08) a
<0.01
<0.01
0.11 (0.03) c
0.21 (0.03) b
0.26 (0.03) b
0.23 (0.02) b
0.30 (0.05) a
0.04

Assn Bug
Complex1
0.45 (0.07) a
0.56 (0.06) a
0.54 (0.04) a
0.53 (0.04) a
0.55 (0.08) a
0.57

Spiders

1.84 (0.20) b
2.30 (0.14) a
2.08 (0.11) a
1.85 (0.10) b
1.90 (0.17) b
0.04

Total Natural
Enemies

< 6/15
0.02 (0.01) c
0.16 (0.03) b
0.03 (0.02) d
0.03 (0.01) c
0.06 (0.02) b
0.24 (0.05) b
6/15-7/15
0.07 (0.01) a
0.18 (0.02) b
0.05 (0.01) c
0.02 (0.01) c
0.27 (0.03) a
0.38 (0.04) b
7/15-8/15
0.04 (0.01) b
0.18 (0.02) b
0.12 (0.01) b
0.07 (0.01) b
0.30 (0.03) a
0.55 (0.05) a
8/15-9/15
0.03 (0.01) b
0.26 (0.04) a
0.20 (0.03) a
0.09 (0.02) b
0.30 (0.04) a
0.64 (0.07) a
> 9/15
0.00 (0.00) d
0.27 (0.13) a
0.15 (0.07) a
1.21 (1.08 ) a 0.02 (0.02) c
1.48 (1.15) a
P-Value
0.01
0.05
<0.01
<0.01
<0.01
0.02
Analyses are based on the Kruskal-Wallis test and mean separations are based on Dwass, Steel, Critchlow-Fligner method for
multiple comparisons with an alpha level of 0.05. Means within columns with same letters are not significantly different from one
another. 1A combination of Nabis spp. and Reduviidae spp. were used for the assn complex

Pirate Bug

Mean (± Stderr)
Spined
Lady
Solider
Beetle
Bug

Mean (SEM) numbers of various natural enemies per 25 sweeps for small plot studies in 2013 and 2014 and large
plot studies in 2015 and 2016 evaluating five sampling periods in Mississippi.

Sample
Date

Table 3.2
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0.01 (0.01) a
0.01 (0.01) a
0.01 (0.01) a
0.01 (0.01) a
0.01 (0.01) a
0.04 (0.02) a
0.11

R2
R3
R4
R5
R6
R7
P-Value
0.53 (0.07) a
0.58 (0.07) a
0.58 (0.08) a
0.49 (0.07) a
0.56 (0.06) a
0.74 (0.14) a
0.82

Big Eyed
Bug
0.10 (0.04) a
0.10 (0.02) a
0.09 (0.03) a
0.08 (0.02) a
0.08 (0.02) a
0.10 (0.04) a
0.92

0.09 (0.02) a
0.16 (0.03) a
0.12 (0.02) a
0.07 (0.02) a
0.15 (0.02) a
0.16 (0.04) a
0.17

Large Plot Study

0.37 (0.06) a
0.39 (0.05) a
0.40 (0.06) a
0.37 (0.07) a
0.29 (0.03) a
0.26 (0.05) a
0.75

0.35 (0.06) a
0.18 (0.03) c
0.20 (0.04) c
0.28 (0.05) b
0.21 (0.02) c
0.28 (0.05) b
0.05

Assn Bug
Complex1
0.44 (0.06) a
0.54 (0.05) a
0.61 (0.07) a
0.54 (0.06) a
0.52 (0.04) a
0.55 (0.07) a
0.74

Spiders

1.97 (0.16) a
2.06 (0.13) a
2.13 (0.15) a
1.95 (0.16) a
1.87 (0.10) a
2.26 (0.22) a
0.68

Total Natural
Enemies

R1
0.05 (0.04) a
0.31 (0.13) a
0.06 (0.04) c
0.48 (0.21) a
0.04 (0.02) d
0.01 (0.01) d 0.11 (0.06) d
0.22 (0.08) d
R2
0.08 (0.02) a
0.20 (0.03) a
0.06 (0.01) c
0.46 (0.08) a
0.12 (0.02) b
0.02 (0.01) d 0.13 (0.03) d
0.27 (0.04) d
R3
0.06 (0.02) a
0.17 (0.03) a
0.08 (0.02) b 0.50 (0.09) a
0.10 (0.02) c
0.03 (0.01) c
0.29 (0.06) b
0.45 (0.07) c
R4
0.04 (0.01) a
0.16 (0.03) a
0.08 (0.02) b 0.42 (0.05) c
0.16 (0.03) a
0.05 (0.01) c
0.37 (0.05) b
0.55 (0.08) b
R5
0.04 (0.01) a
0.19 (0.03) a
0.09 (0.02) b 0.40 (0.06) c
0.14 (0.02) b
0.08 (0.02) b 0.38 (0.05) b
0.65 (0.07) b
R6
0.03 (0.01) a
0.20 (0.03) a
0.20 (0.02) a
0.46 (0.04) a
0.19 (0.02) a
0.09 (0.01) b
0.18 (0.03) c
0.42 (0.05) c
R7
0.00 (0.00) a
0.46 (0.15) a
0.02 (0.02) d 0.05 (0.02) d
0.02 (0.01) e
0.59 (0.39) a
0.69 (0.15) a
1.91 (0.45) a
P-Value
0.11
0.09
<0.01
<0.01
0.02
<0.01
<0.01
<0.01
Analyses are based on the Kruskal-Wallis test and mean separations are based on Dwass, Steel, Critchlow-Fligner method for
multiple comparisons with an alpha level of 0.05. Means within columns with same letters are not significantly different from one
another. 1A combination of Nabis spp. and Reduviidae spp. were used for the assn complex

Pirate Bug

Mean (± Stderr)
Spined
Lady
Solider
Lacewing
Beetle
Bug
Small Plot Study

Mean (SEM) numbers of various natural enemies per 25 sweeps for small plot studies in 2013 and 2014 and large
plot studies in 2015 and 2016 evaluating multiple growth stages in Mississippi.

Growth
Stage

Table 3.3
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0.65 (0.01) a
0.65 (0.01) a
0.50 (0.06) b
0.68 (0.10) a
0.42 (0.07) c
0.45 (0.07) c
0.65 (0.10) a
0.02

0.02 (0.01) a
0.01 (0.01) a
0.02 (0.01) a
0.01 (0.01) a
0.01 (0.01) a
0.02 (0.01) a
0.00 (0.00) a
0.31

Late-Mar
Mid-Apr
Early-May
Early-Jun
Mid-Jun
Early-Jul
Mid-Jul
P-Value
0.11 (0.03) a
0.05 (0.02) a
0.08 (0.03) a
0.12 (0.04) a
0.06 (0.02) a
0.08 (0.03) a
0.13 (0.05) a
0.41

Lacewing
Small Plot Study
0.27 (0.05) c 0.11 (0.03) a
0.63 (0.07) a 0.12 (0.02) a
0.43 (0.06) b 0.08 (0.02) a
0.46 (0.05) b 0.13 (0.03) a
0.21 (0.04) c 0.17 (0.03) a
0.12 (0.03) d 0.16 (0.03) a
0.11 (0.04) d 0.14 (0.04) a
<0.01
0.17
Large Plot Study
0.35 (0.03) b 0.10 (0.01) a
0.53 (0.04) a 0.14 (0.01) a
0.34 (0.04) b 0.20 (0.03) a
0.01
0.14
0.13 (0.03) c
0.16 (0.03) c
0.21 (0.03) b
0.32 (0.05) a
0.28 (0.04) a
0.26 (0.04) b
0.30 (0.05) a
<0.01

Assn Bug
Complex1
0.60 (0.07) ab
0.49 (0.05) b
0.52 (0.05) b
0.70 (0.07) a
0.41 (0.05) b
0.42 (0.06) b
0.69 (0.08) ab
0.02

Spiders

2.01 (0.17) b
2.19 (0.15) b
1.93 (0.14) b
2.59 (0.19) a
1.63 (0.12) c
1.54 (0.14) c
2.12 (0.17) b
<0.01

Total Natural
Enemies

0.04 (0.01) a 0.19 (0.02) a
0.08 (0.01) a
0.08 (0.01) a
0.32 (0.04) a
0.54 (0.05) ab
Early
0.04 (0.01) a 0.19 (0.02) a
0.12 (0.01) a
0.07 (0.02) a
0.29 (0.04) a
0.45 (0.04) b
Normal
0.05 (0.01) a 0.23 (0.03) a
0.13 (0.02) a
0.06 (0.01) a
0.25 (0.03) a
0.58 (0.07) a
Late
0.35
0.92
0.19
0.35
0.09
<0.01
P-Value
Analyses are based on the Kruskal-Wallis test and mean separations are based on Dwass, Steel, Critchlow-Fligner method for
multiple comparisons with an alpha level of 0.05. Means within column with same letters are not significantly different from one
another. 1A combination of Nabis spp. and Reduviidae spp. were used for the assn complex.

Big Eyed
Bug

Pirate
Bug

Mean (± Stderr)
Spined
Lady
Solider
Beetle
Bug

Mean (SEM) numbers of various natural enemies per 25 sweeps for small plot studies in 2013 and 2014 and large
plot studies in 2015 and 2016 evaluating multiple planting dates in Mississippi.

Planting
Date

Table 3.4
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Mean (± Stderr)
Spined
Lady
Solider
Beetle
Bug

Mean (SEM) numbers of various natural enemies per 25 sweeps for small plot studies in 2013 and 2014 evaluating
four insecticides in Mississippi.

Pirate
Big Eyed
Assn Bug
Total Natural
Treatment
Bug
Bug
Lacewing
Complex1
Spiders
Enemies
2
Selective
0.01 (0.01) a 0.56 (0.03) a 0.08 (0.01) a 0.33 (0.02) a 0.11 (0.01) a
0.24 (0.02) a 0.46 (0.02) b
1.85 (0.06) b
Broad-spectrum3 0.01 (0.01) a 0.55 (0.03) a 0.08 (0.01) a 0.30 (0.02) a 0.14 (0.01) a 0.23 (0.02) a 0.42 (0.02) b
1.80 (0.05) b
Threshold
0.01 (0.01) a 0.51 (0.02) a 0.07 (0.01) a 0.30 (0.02) a 0.12 (0.01) a
0.22 (0.01) a 0.51 (0.02) a
1.82 (0.06) b
Untreated
0.01 (0.01) a 0.57 (0.03) a 0.09 (0.01) a 0.35 (0.02) a 0.13 (0.01) a
0.23 (0.02) a 0.54 (0.02) a
2.01 (0.05) a
P-Value
0.36
0.42
0.65
0.41
0.31
0.88
<0.01
<0.01
Analyses are based on the Kruskal-Wallis test and mean separations are based on Dwass, Steel, Critchlow-Fligner method for
multiple comparisons with an alpha level of 0.05. Means within column with same letters are not significantly different from one
another. 1A combination of Nabis spp. and Reduviidae spp. were used for the assn complex
2
Automatic applications applied every two weeks during reproductive growth stages.
3
Automatic applications applied at the R1, R3, and R5 growth stages.

Table 3.5

113

Table 3.6

Correlations for all natural enemies to the most common insect pests found
in the small plot and large plot studies.
Soybean Insect Pests

Threecornered
Alfalfa
Bean leaf
Stink bug
Soybean
Hoppers
beetle
Complex
Looper
Small Plot Study1
Pirate Bugs
-0.11*
-0.09*
-0.05
-0.08*
Big Eyed Bugs
-0.09*
-0.03
-0.17*
-0.16*
Lacewings
0.02
0.11*
0.01*
0.02
Lady Beetles
-0.10*
-0.17*
-0.18*
-0.16*
Spined Solider Bugs
0.16*
0.19*
0.25*
0.14*
Assn Bug Complex2
0.17*
-0.01
0.22*
0.04
Spiders
-0.30*
-0.32*
-0.01
-0.16*
Total Natural Enemies
-0.14*
-0.15*
-0.01
-0.15*
Large Plot Study
Pirate Bugs
-0.07
-0.12
0.06
-0.14
Big Eyed Bugs
0.33*
0.30*
0.05
0.09
Lacewings
-0.01
-0.10
0.37*
0.02
Lady Beetles
0.04
-0.12
0.22*
-0.02
Spined Solider Bugs
-0.08
-0.12
0.52*
0.03
Assn Bug Complex2
0.45*
0.05
0.05
0.27*
Spiders
0.47*
0.01
-0.12
0.27*
Total Natural Enemies
0.60*
0.18*
-0.08
0.32*
Pearson’s Correlation Coefficient are presented
1
Correlations were made across all treatments
2
A combination of Nabis spp. and Reduviidae spp. were used for the assn bug complex
* represents those correlations that were significant (Alpha level of 0.05).
Natural Enemies
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Figure 3.1

Mean densities of various natural enemies averaged across all planting
dates for small plot experiments conducted at two locations in Mississippi
from 2013 to 2014.
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Figure 3.2

Mean densities of various natural enemies averaged across all planting
dates for large plot experiments conducted at multiple locations in
Mississippi from 2015 to 2016.
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INSECT MANAGEMENT STRATEGIES FOR SOYBEAN BASED ON PLANTING
DATE AND MATURITY GROUP IN THE SOUTHERN USA
Abstract
With the decrease in cotton hectares over the past decade, soybean is now the
predominant row crop in the southern U.S. Soybean is planted from late March through
mid-July throughout most of the southern U.S., leaving a large percentage of soybean
exposed to late season insect infestations. Soybean looper is the most yield limiting
insect of late planted soybean. This pest has become resistant to many common
insecticide chemistries used in soybean production. Three studies were conducted to
evaluate the potential of soybean expressing a Bt protein. In 2013 and 2014 seven
planting dates of indeterminate maturity group IV and V soybeans were planted in
Starkville, MS and Stoneville, MS. Planting dates ranged from late March through midJuly. Chlorantraniliprole was used to simulate Bt soybean, and was applied
preventatively every two weeks during the reproductive stages of the soybean. There was
also a threshold management strategy, bug only management strategy, and untreated
control. The simulated Bt management strategy resulted in significantly higher yields
than the untreated control for plantings between mid-May and mid-July. Based on these
results a second study was conducted in 2015 and 2016, where three planting dates of one
indeterminate maturity group V soybean variety, planted in early-June, mid-June, and
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early-July. Chlorantraniliprole was again used to simulate Bt soybean. The treatments
consisted of simulated Bt, threshold, simulated Bt plus threshold, and an untreated
control management strategies. The simulated Bt plus threshold treatment resulted in
significantly higher yields than the untreated control for the early-June and early-July
planting. A large plot, statewide study was also conducted in 2015 and 2016. This study
was conducted at 23 locations, where the potential for Bt soybean was evaluated on a
large plot scale. The simulated Bt treatment resulted in significantly higher yields than
the grower check. The potential for Bt soybean was determined to be any planting at or
after mid-May, with the most value being at plantings during June.
Introduction
With a reduction in cotton production over the previous ten years, soybean has
become the most important row crop throughout Mississippi, and has replaced cotton on
many of these hectares. Soybean currently accounts for approximately sixty percent of
the land area planted to row crops in Mississippi (NASS 2016). With the increase in
soybean production area, increased yield potential, and higher commodity prices, interest
in intensive management strategies for soybean production has increased (Heatherly and
Spurlock 1999, Heatherly and Elmore 2004). Traditional production practices for
soybean in Mississippi consisted of planting maturity group VI and maturity group VII
varieties in late May through June (Heatherly 2005a). Current production practices for
soybean in Mississippi consist of planting earlier maturing group IV and group V
varieties in April and May. This change occurred with the introduction of the Early
Soybean Production System (ESPS) (Heatherly and Spurlock 1999, Heatherly 2005a).
The ESPS was introduced to avoid late season drought and disease pressure (Bowers
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1995, Heatherly and Spurlock 1999), but has been shown to help with insect pest
management as well (Funderburk et al., 1999, Baur et al., 2000).
Numerous insect pests attack soybean in Mississippi (Musser et al., 2015). Of the
insects that feed on soybean, corn earworm, Helicoverpa zea (Boddie); soybean looper
Chrysodeixis includens (Walker); a complex of stink bugs (Hemiptera: Pentatomidae);
and bean leaf beetle Ceratoma trifurcata (Forester), typically cause more yield loss and
cost of control to growers compared to the other insect pests of soybean in the southern
U.S. (Musser et al., 2015). These pests can occur throughout the growing season, but
traditionally are most problematic in the latter half of the growing season (Carner et al.,
1974, Baur et al., 2000). Early plantings of soybean have been shown to experience
lower densities and avoid late season populations of yield limiting pests (Carner et al.,
1974, Funderburk et al., 1999, Baur et al., 2000, Boethel 2004). In contrast to avoiding
late season pest pressure, early planting of soybean can harbor large populations of stink
bugs and bean leaf beetle in some years (Pedigo and Zeiss 1996, Gore et al., 2006, Smith
et al., 2009).
While planting early can be one of the best management strategies for insect
pests, this is not always possible in the southern U.S. due to the large amount of land area
dedicated to soybean production and adverse weather conditions. The current planting
window in the southern U.S. ranges from late-March through mid-July. This is primarily
due to having other crops in the production system, adverse weather conditions, and
management of harvest capacity. Knowing that a certain percentage of the soybean
hectares will be impacted by insect pests, management strategies other than planting date
are often necessary in the southern U.S. Caterpillar pests, both defoliators and seed
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feeders, are some of the most yield limiting pests in soybean (Musser et al., 2015). The
main defoliating caterpillar encountered is the soybean looper which has become resistant
to multiple classes of insecticides (Leonard et al., 1990). Corn earworm also has
developed resistance to multiple insecticides (Plapp 1971, Durant 1991). Because many
of the caterpillar pests attacking soybean have developed resistance to multiple classes of
insecticides, the use of soybean varieties that express toxins from Bacillus thuringiensis
(Bt) may be warranted in the southern U.S.
Multiple studies have been conducted showing the benefit of soybean expressing
Bt proteins (Walker et al., 2000, MacRae et al., 2005, McPherson and MacRae 2009a,
McPherson and MacRae 2009b). These studies have shown the effectiveness of Bt
soybean to manage soybean looper, velvetbean caterpillar Anticarsia gemmatalis
(Hubner); and green cloverworm, Hypena scabra (F.). The objective of this study was to
evaluate multiple insect pest management strategies at multiple planting dates in soybean,
and to use foliar insecticides to simulate Bt protein expressing soybean in the southern
soybean production landscape.
Materials and Methods
Small Plot Planting Date Study:
Experiments were conducted during 2013 and 2014 to evaluate various insect pest
management strategies in soybean. Two indeterminate soybean varieties were evaluated
at seven planting dates at the R.R. Foil Experiment and Research Station in Starkville,
MS and Delta Research and Extension Center in Stoneville, MS. The soybean varieties
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consisted of a maturity group IV (Asgrow® 4632, Monsanto Company, St. Louis, MO)
and a maturity group V (Asgrow® 5332, Monsanto Company, St. Louis, MO) soybean.
A randomized complete block design was implemented, with a split-split-plot
arrangement of treatments with four replications. The main plot factor was planting date
and ranged from late-March through mid-July. Plantings started approximately the third
week of March, and subsequent plantings were planted approximately every fifteen days
apart. The sub-plot factor was maturity group. The sub-sub-plot factor was insect
management strategy. The management strategies consisted of a threshold insect
management strategy, a caterpillar only management strategy, a bug only insect
management strategy, and an untreated control insect management strategy. The
threshold treatment was treated with recommended insecticides when action thresholds
were reached for any insect pest. The thresholds and insecticides used were based on
those published in the Mississippi State University, Insect Control Guide for Agronomic
Crops (Catchot et al., 2016). The caterpillar only treatment received multiple
preventative applications of chlorantraniliprole (Prevathon®, Dupont Crop Protection,
Newark, DE) at 75.3 g ai/ha to simulate Bt soybeans. Chlorantraniliprole was used
because it is highly efficacious against all caterpillar pests, with little to no efficacy on
piercing sucking insect pests or coleopteran pests (Owen et al., 2013, Patil et al., 2014,
Catchot et al., 2016). Chlorantraniliprole was applied every two weeks from the R1
(First flower) through the R7 (First brown pod) (Fehr et al., 1971) growth stages. The
bug only treatment received multiple automatic applications of dimethoate (Dimethoate
4EC, Drexel Chemical Company, Memphis, TN) at 560.7 g ai/ha. Dimethoate was used
because it is highly efficacious on piercing sucking pests and coleopteran insect pests,
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with little to no effect on caterpillar pests (Catchot et al., 2016). Dimethoate was applied
at the R1 (First Flower), R3 (3/16th inch pod in the upper four most nodes), and R5
(Beginning of seed development in the upper four most nodes) (Fehr et al., 1971) growth
stages. An untreated control treatment was also used. This treatment received no
applications of insecticides throughout the growing season. All treatments were applied
with a tractor mounted sprayer calibrated to deliver 9.3 L/ha using TX6 Conejet®
hollowcone nozzles (TeeJet Technologies). Plot size was four rows (0.97 m centers in
the Hills region, 1.02 m centers in the Delta region) by 15.24 m long.
Plots were sampled weekly from the R1 through R7 growth stages by taking 25
sweeps per plot with a 38.1 cm diameter sweep net. Samples from each plot were placed
into 3.79 L Ziploc® bags. Samples were then frozen at 0⁰ C for 48 hours, afterwards all
insect pests were counted. These samples were used to determine pest populations for
each treatment and to determine if action thresholds for insect pests had been reached. If
the threshold treatment warranted an application (action threshold reached), an
insecticide appropriate for that particular pest(s) was applied within two days of
sampling. Yield was also recorded for all plots using a Kincaid (Massey Ferguson) plot
combine equipped with a weigh scale and moisture meter. Plots were harvested
independently based on planting date and maturity group, when the soybean were at the
R8 (Physiological Maturity) (Fehr et al., 1971) growth stage, when moisture was
approximately 13 percent.
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Small Plot Late Planting Study:
Additional experiments were conducted during the 2015 and 2016 growing season
in Starkville, MS (R.R. Foil Experiment and Research Station) and in Stoneville, MS
(Delta Research and Extension Center) to further evaluate the potential of Bt soybeans in
Mississippi. An indeterminate, maturity group V soybean (Asgrow 5332®, Monsanto
Company, St. Louis, MO) variety was planted on three planting dates. The planting dates
were 1 Jun, 15 Jun, and 1 Jul of each year. These dates were selected based on the small
plot planting date research conducted during 2013 and 2014, in which only soybeans
planted after 1 Jun had densities of caterpillar pests that exceeded action thresholds.
A randomized complete block design was implemented, with a split-plot
arrangement of treatments with four replications. The main plot factor was planting date
and the subplot factor was management strategy. Four different insect management
strategies were evaluated. The simulated Bt insect management strategy consisted of
chlorantraniliprole applied preventatively at 75.3 g ai/ha every two weeks from the R1
(first bloom) through the R7 (first brown pod) (Fehr, et al., 1971) growth stages. A
threshold insect management strategy was also used, where plots were treated for any
pest that reached economic threshold. The thresholds and recommended insecticides
used were based on the Mississippi State University, Insect Control Guide for Agronomic
Crops (Catchot et al., 2016). The combination of simulated Bt and the threshold insect
management strategy made up the third treatment. An untreated control insect
management strategy that was never treated for insect pests was also included. All spray
applications were made using a tractor mounted sprayer calibrated to deliver 9.3 L/ha
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using TX6 Conejet® hollowcone nozzles (TeeJet Technologies). Plot size was four rows
(0.97 m centers in the Hills region, 1.02 m centers in the Delta region) by 15.24 m long.
To monitor insect densities, plots were sampled weekly from the R1 through the
R7 growth stages by conducting 25 sweeps per plot with a standard 38.1 cm diameter
sweep net. Densities of insect pests were recorded in the field. Visual defoliation
estimates were also recorded for all plots at the R1, R3, and R6 growth stages. At
physiological maturity and when grain moisture was approximately 13 percent, plots
were harvested independently based on planting date, with a Kincaid (Massey Ferguson)
plot combine equipped with a weigh scale and moisture sensor.
Large Plot Study:
Large block research trials were conducted during the 2015 and 2016 growing
seasons. These trials were conducted in both the Hills and Delta regions of Mississippi
on soybean grower fields. An indeterminate maturity group IV (Asgrow 4835®,
Monsanto Company, St. Louis, MO), or an indeterminate maturity group V (Asgrow
5335®, Monsanto Company, St. Louis, MO) variety was used. The variety used was
determined based on grower preference. In 2015, eleven locations were planted with
eight locations being the maturity group IV variety (3 Delta locations, 5 Hills locations),
and three locations being the maturity group V variety (2 Delta locations, 1 Hills
location). In 2016, 12 locations were planted with five locations being the maturity group
IV variety (3 Delta locations, 2 Hills locations), and seven locations being the maturity
group V variety (2 Delta locations, 5 Hills locations). Plot size varied by location,
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ranging from 3.05 m wide to 11.58 m wide based on growers equipment, and from 30.48
m long to 259.08 m long depending on space provided.
Plots were arranged in a randomized complete block design with two or three
replications at each location depending on space provided by the grower. The grower at
each location treated the entire field for insect, weed, and disease pests as needed based
on their normal production practices, and this was considered the grower standard insect
management strategy. Two treatments were applied to each replication at each location.
Both treatments in each replication were treated with the grower standard insect
management strategy, but one treatment was also treated with chlorantraniliprole, applied
at 75.3 g ai/ha every two weeks from the R1 (first bloom) through the R7 (first brown
pod) growth stages (Fehr, et al., 1971). This was used to simulate a caterpillar free
soybean insect management strategy with standard growing practices versus standard
growing practices alone. Chlorantraniliprole was applied with a tractor mounted sprayer
calibrated to deliver 9.3 L/ha.
Plots were monitored weekly from the R1 through R7 growth stages, by
conducting 100 sweeps per plot with a 38.1 cm diameter sweep net. Visual defoliation
estimates were also taken at the R1, R3, and R6 growth stages for all plots. Plots were
harvested with the grower’s equipment at each location and the grain from each plot was
weighed using a Par-Kan Grain Weigh 200 weigh wagon equipped with an Avery
Weigh-Tronix 640 scale. Moisture was determined for each plot using a Dickey John
mini GAC® moisture meter.
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Data Analysis:
All data were analyzed with analysis of variance (PROC GLIMMIX, SAS version
9.4, SAS Institute Inc., Cary, NC) procedure. Only those insect pests that reached action
thresholds based on the Insect Control Guide for Agronomic Crops published by
Mississippi State University (Catchot et al., 2016), were used in the analysis. The fixed
effects for the small plot planting date study and the small plot late planting study
included planting date, treatment, and the planting date by treatment interaction. The late
March planting for the Delta location in 2013 and for the Hills location in 2014, as well
as the maturity group V variety in the mid-July planting for the Delta region were
excluded from the analyses due to insufficient plant populations. These plots had less
than 70 percent emergence if the planted seeding rate due to adverse weather conditions.
For both of the early plantings, the stand failure was due to excess moisture from rainfall
and cold temperatures. Conversely, the late planted maturity group V variety that had a
stand failure was due to insufficient moisture. The random effects included site-year,
replication nested within site-year, replication by planting date nested within site-year,
and replication by planting date by variety nested within site-year for the small plot
planting date study. The same random effects were used for the small plot late planting
study, with the exception of the variety components since only one variety was used.
For the large plot study, the fixed effects for insect pest densities were treatment,
region and the treatment by region interaction. Only those insect pests that were most
common were used in the analysis. The fixed effects for defoliation were treatment,
region, growth stage, and all possible interactions. The purpose of the large plot study
was to validate the results from small plot trials on a larger scale in grower fields. There
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were many factors different between locations, including irrigation practices, row
spacing, plant configuration, and soil type. Region was the only variable tested that may
account for these factors because of the variation in production practices, and in some
cases insect pest pressure between the Delta and Hills region. All data were analyzed
with analysis of variance (PROC GLIMMIX, SAS version 9.4, SAS Institute Inc., Cary,
NC) procedure.
Results and Discussion:
Impact of Planting Date and Location on Thresholds
Bean leaf beetle, the stink bug complex, kudzu bug, and soybean looper were the
only insect pests that reached action thresholds in the small plot studies from 2013 to
2016 (Table 4.1). For the mid-Mar planting date, stink bugs reached the action threshold
on 19 Jul 2013 during the R6 growth stage at the Hills location (Table 4.1). No insect
pests reached current action thresholds for the mid-Apr and early-May planting dates at
either location (Table 4.1). For the early Jun planting date, soybean looper reached the
action threshold on 29 Aug 2013 and 22 Aug 2016 during the R5 growth stage at the
Hills location (Table 4.1). Stink bugs reached the action threshold on 13 Sept 2013 and 8
Sept 2016 during the R6 growth stage in the Hills location (Table 4.1). Kudzu bugs
reached the action threshold on 22 Aug 2016 during the R5 growth stage at the Hills
location (Table 4.1). The current action thresholds were not reached for any insect pests
in the early Jun plantings in the Delta (Table 4.1).
For soybeans planted on the mid-Jun planting date, soybean looper reached action
threshold on 29 Aug 2013 and 22 Aug 2016 during the R5 growth stage at the Hills
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location (Table 4.1). Soybean looper also reached action threshold on 17 Sep 2013 and 7
Sep 2016 during the R5 and R6 growth stages at the Delta location, respectively (Table
4.1). Stinkbugs reached action threshold on 13 Sep 2013 and 8 Sep 2016 during the R6
growth stage at the Hills location (Table 4.1). Stinkbugs also reached action threshold on
17 Sep 2014, 7 Sep 2016, and 22 Sep 2016 during the R6 growth stage at the Delta
location (Table 4.1). Kudzu bugs reached action threshold on 22 Aug 2016 during the R5
growth stage at the Hills location (Table 4.1). Bean leaf beetles reached action threshold
on 3 Sep 2013 during the R6 growth stage at the Delta location (Table 4.1).
For the early-Jul planting, soybean looper reached action threshold on 29 Aug
2013 during the R5 growth stage at the Hills location (Table 4.1). Soybean looper also
reached action threshold on 17 Sep 2013 during the R6 growth stage at the Delta location
(Table 4.1). Stink bugs reached action threshold on 13 Sep 2013 and 8 Sep 2016 during
the R6 growth stage at the Hills location (Table 4.1). Stink bugs also reached action
threshold on 27 Sep 2013, 7 Sep 2016, and 22 Sep 2016 during the R6 growth stage at the
Delta location (Table 4.1). Bean leaf beetle reached action threshold on 3 September
2013 during the R5 growth stage at the Delta location (Table 4.1).
For the mid-Jul planting, stink bugs reached action threshold on 13 Sep 2013 and
27 Sep 2013 during the R6 growth stage at the Hills and Delta locations, respectively
(Table 4.1). Bean leaf beetle reached action threshold on 3 Sep 2013, 28 Aug 2014, and
17 Sep 2014 during the R6, R5, and R6 growth stages, respectively at the Delta location
(Table 4.1).
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Small Plot Planting Date Studies
Stink Bug Complex
The stink bug complex was the most common insect pest that exceeded current
action thresholds from 2013 to 2016. In the 2013-2014 study, there was a significant
interaction between insect management strategy and planting date for stinkbugs (F=9.72;
df=27, 591; P<0.01). There was a decrease in stink bugs from in soybeans planted in late
Mar through mid-May, with stink bug densities increasing in soybeans planted after midMay,although this was not always significantly different (Table 4.2). Significant
differences in stink bug densities only occurred among insect management strategies for
soybeans planted during mid-Jun, early-Jul, and mid-Jul (Table 4.2). At the mid-Jun
planting, the untreated control insect management strategy had significantly more
stinkbugs than the simulated Bt, threshold, and bug only insect management strategies
(Table 4.2). At the early-Jul and mid-Jul plantings plots that received the threshold insect
management strategy had significantly fewer stinkbugs than the simulated Bt, bug only,
or untreated control insect management strategy (Table 4.2).
In the 2015-2016 study, there was a significant interaction between treatment and
planting date for stinkbugs (F=3.20; df=11, 135; P<0.01). Stinkbug population densities
increased at each planting date in all insect management strategies, except those that
recieved the simulated Bt plus threshold insect management strategy although not always
significantly different (Table 4.3). No significant differences were observed insect
management strategies until the early-Jul planting (Table 4.3). At the early-Jul planting,
the untreated control insect management strategies had significantly more stinkbugs than
the simulated Bt plus threshold insect management strategy (Table 4.3). The simulated
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Bt and the threshold insect management strategies were not significantly different from
either the untreated control or the simulated Bt plus threshold insect management
strategies for the early-Jul planting (Table 4.3).
Studies conducted in Mississippi and Arkansas have shown that early planted
soybean can act as a trap crop for stink bugs and can incur large densities (Gore et al.,
2006, Smith et al., 2009). This is consistent with the findings of this study where the
late-Mar planted soybean reached action threshold for stinkbugs at one location in 2013.
Results similar to those in the current study have been observed in multiple studies,
where stink bug populations increase significantly in late planted soybean compared to
earlier planted soybeans (Baur et al., 2000, Bundy and McPherson 2000, McPherson et
al., 2001, Gore et al., 2006). While stink bug densities did reach action thresholds in the
earliest planted soybean, the late planted soybean received more threshold applications.
This suggest that earlier plantings of soybean can be a good management strategy for
stinkbugs.
The results from this study were consistent with the small plot planting date study,
with large populations of stinkbugs being found in late plantings. The simulated Bt plus
threshold and the threshold treatments were effective in reducing the number of stinkbugs
present. Multiple applications were made to manage stinkbugs in the Delta region. The
majority of those stinkbugs were redbanded stinkbugs, which have been shown to have
quick resurgence after insecticide applications (Vyavhare et al., 2015).
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Soybean Looper
Soybean looper was the second most common insect pest that exceeded action
thresholds from 2013 to 2016. In the 2013-2014 study, there was a significant interaction
between planting date and treatment for soybean looper (F=17.57; df=27, 591; P<0.01).
Significant differences among treatments were observed only at the early-Jun, mid-Jun,
early-Jul, and mid-Jul plantings for soybean looper (Table 4.2). At those plantings, plots
that received the simulated Bt insect management strategy had significantly fewer
soybean looper than the threshold insect management strategy, bug only insect
management strategy, and untreated control insect management strategy (Table 4.2). The
bug only insect management strategy resulted in significantly more soybean looper than
the threshold or untreated control insect management strategies for the early-Jul planting
(Table 4.2).
In the 2015-2016 study, the treatment by planting date interaction was significant
for soybean looper (F=3.06: df=11, 135; P=0.02). Soybean looper densities increased as
planting date increased from the early-Jun to mid-Jun, before decreasing in the simulated
Bt plus threshold, simulated Bt, and untreated control insect management strategy at later
planting dates (Table 4.3). At the early-Jun planting, the simulated Bt plus threshold and
the simulated Bt insect management strategies resulted in significantly fewer soybean
looper than the untreated control insect management strategy (Table 4.3). Additionally,
the simulated Bt plus threshold insect management strategy resulted in significantly
fewer soybean looper than the threshold or untreated control insect management
strategies (Table 4.3). Differences among treatments were not observed on any other
planting date.
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Previous research has shown that soybean looper populations typically peak in
late-Aug through Sep (Carner et al., 1974, Buschman et al., 1981, McPherson et al.,
2001), similar to what was observed in the current studies. This peak of soybean looper
typically coincides with late planted soybean entering the early reproductive stages.
These early reproductive stages have been observed to be the most sensitive to yield
losses from defoliation than other growth stages (Board et al., 1994, Haile et al., 1998,
Owen et al., 2013). The simulated Bt insect management strategy was effective at
reducing populations of this pest, even under heavy pressure during the small plot
planting date study. Also, the threshold insect management strategy effectively reduced
soybean looper populations in the small plot planting date study. The bug only insect
management strategy resulted in higher soybean looper densities for the plantings in Jul
when the highest densities of soybean looper were observed in the small plot planting
date study. This may have occurred as a result of disrupting natural enemy populations
with the automatic applications of broad spectrum insecticides. Inconsistent control of
soybean looper with chlorantraniliprole was observed in the small plot late planting
study. This has been documented on the east coast of the southern U.S. since 2015.
Chlorantraniliprole was still effective at controlling all other caterpillar pest that occurred
at very low densities, such as H. zea; H. scabra; and A. gemmatalis in the small plot late
planting study. The inconsistent control of soybean looper could possibly be due to
resistance, which has been documented to multiple insecticides (Felland et al., 1990,
Leonard et al., 1990, Thomas and Boethel 1995, Mascarenhas and Boethel 1997).
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Defoliation Ratings
There was no significant interaction between planting date, growth stage, and
insect management strategy for defoliation (F=0.34; df=12, 495; P=0.98). However,
there was a significant interaction between growth stage and insect management strategy
for defoliation (F=12.95; df=6, 533; P<0.01). The untreated control insect management
strategy had the highest level of defoliation within each growth stage, except R1 (Figure
4.1). During the R6 growth stage the untreated control insect management strategy had
significantly more defoliation than any other growth stage-treatment combination (Figure
4.1). Defoliation occurring during the R3 growth stage has been shown to be highly yield
limiting (Owen et al., 2013). The simulated Bt plus threshold and simulated Bt insect
management strategies resulted in the least amount of defoliation at the R3 growth stage
(Figure 4.1). Similar results were observed during the R6 growth stage where the
simulated Bt plus threshold and the simulated Bt insect management strategy resulted in
less defoliation than the threshold insect management strategy. This suggest that Bt
soybean reduce defoliation in late planting situations caused from caterpillar pests. The
simulated Bt plus threshold, the simulated Bt, and the threshold insect management
strategy never reached twenty percent defoliation (Figure 4.1), the current threshold for
reproductive stage soybean in Mississippi (Catchot et al., 2016), and many other states.
There was a significant effect of planting date for defoliation (F=10.07; df=2, 30;
P<0.01). The early-Jun planting resulted in significantly less defoliation than the midJun and early-Jul plantings (Figure 4.2).
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Bean Leaf Beetles
In the 2013-2014 study, there was a significant interaction between treatment and
planting date for bean leaf beetle (F=3.95; df=27, 591; P<0.01). The simulated Bt and
untreated control insect management strategies resulted in significantly more bean leaf
beetles than plots that received the threshold or bug only insect management strategies
(Table 4.2) at the mid-Jul planting date. Regardless of insect management strategy, bean
leaf beetle densities increased as planting date was later. Bean leaf beetle densities did
not reach action threshold in the 2015-2016 study.
Multiple studies have shown higher populations of bean leaf beetle in late planted
soybeans which is consistent with this study (Pedigo and Zeiss 1996, Krell et al., 2004).
Studies conducted in Louisiana showed that the earliest planted soybean can act as a trap
crop and sustain high populations of bean leaf beetle (Baur et al., 2000). Bean leaf
beetles can decrease yield in soybean through defoliation, as well as, the potential to
transmit bean pod mottle virus (Pitre et al., 1979, Boethel 2004). These data suggest that
the best management strategy for bean leaf beetle is to plant soybean early and utilize
insecticide applications when thresholds are exceeded. Although the automatic bug only
treatment was equally as effective at reducing bean leaf beetle populations, this strategy
poses economic risks for growers in years like 2015 and 2016 where the threshold was
never reached. In addition to an unnecessary application when bean leaf beetle
populations are below threshold, the bug only treatment resulted in soybean looper
populations greater than the untreated control at the early-July planting date.
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Kudzu Bugs
In the 2015-2016 study, there was a significant interaction between treatment and
planting date for kudzu bug nymphs (F=3.43; df=11, 135; P<0.01). At the early June
planting, the untreated control insect management strategy resulted in significantly more
kudzu bugs than the simulated Bt plus threshold and the threshold insect management
strategies (Table 4.3).
Kudzu bug is a relatively new pest to the southern U.S. The first introduction to
the United States was observed in 2009 (Del Pozo-Valdivia et al., 2016), and were first
reported in Mississippi in 2013. Consequently, kudzu bug populations only reached the
current action threshold in the 2015-2016 study and not the 2013-2014 study. Previous
research conducted in the southeastern U.S. has shown that kudzu bug population
densities increase in soybean later in the growing season, where they can be more yield
limiting (Seiter et al., 2013, Seiter et al., 2015). In the current study, kudzu bug
populations tended to be greater in the early-Jun and mid-Jun plantings compared to the
early-Jul plantings.
Yield
In the 2013-2014 study, there was a significant treatment by planting date
interaction for yield (F=17.9; df=24, 591; P<0.01). Overall, the highest yields were
observed with the mid-Apr planting regardless of insect management strategy (Table
4.2). The late-Mar and mid-Apr plantings were the only plantings in which there were no
significant differences among insect management strategies (Table 4.2). At the mid-May
planting, the simulated Bt insect management strategy resulted in significantly higher
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soybean yields than the bug only insect management strategy (Table 4.2). For the earlyJun planting, only the simulated Bt insect management strategy resulted in significantly
higher soybean yields than the untreated control insect management strategy (Table 4.2).
At the mid-Jun planting, the simulated Bt insect management strategy resulted in
significantly higher soybean yields than the bug only and untreated control insect
management strategies (Table 4.2). Also at the mid-Jun planting, the threshold insect
management strategy resulted in significantly higher soybean yields than the untreated
control insect management strategy (Table 4.2). At the early-Jul planting, the simulated
Bt insect management strategy resulted in significantly higher soybean yields than the
bug only and untreated control insect management strategies (Table 4.2). At the mid-Jul
planting, the simulated Bt and threshold insect management strategies resulted in
significantly higher soybean yields than the untreated control insect management strategy
(Table 4.2).
In the 2015-2016 study, there was a significant interaction between treatment and
planting date for yield (F=12.61; df=11, 135; P<0.01). In general, soybean yield
decreased as planting date was moved later into the growing season similar to what was
observed in the 2013-2014 study (Table 4.3). Significant differences in yield among
insect management strategy were observed only for the early-Jun and early-Jul plantings
(Table 4.3). The simulated Bt plus threshold insect management strategy resulted in
significantly higher soybean yields than the untreated control insect management strategy
(Table 4.3).
The lack of yield differences, even under high pressure of soybean looper, is
attributed to the lack of control of soybean looper. These data do suggest that with
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adequate control of caterpillar pests, and management of other pests such as stinkbugs, Bt
soybean may have a beneficial impact on yield. These data also suggest that in the
absence of caterpillar pest pressure, Bt soybean will have no significant impact on yield.
Large plot study
All insect pests were recorded and no significant differences among insect
management strategies were observed for any pest other than soybean looper. There was
a significant region by insect management strategy interaction for soybean looper (df=1,
90; F=8.49; P=<0.01). More soybean looper were observed in the Hills region compared
to the Delta region for the grower check insect management strategy (Figure 4.3). There
was a significant region, growth stage, and insect management strategy interaction for
defoliation (F=10.02; df=4, 361; P<0.01). For both regions, defoliation was higher at
later growth stages (Figure 4.4). Almost twice as much defoliation occurred in the Hills
region compared to the Delta region (Figure 4.4). The defoliation in the simulated Bt
insect management strategy never exceeded 5 percent defoliation in either region (Figure
4.4).
There was no significant interaction between region and treatment for yield
(F=0.56; df=1, 77; P=0.46). The effect of both region (F=5.28; df=1, 77; P=0.02) and
insect management strategy (F=9.05; df=1, 77; P=<0.01) was significant for yield. The
soybeans planted in the Delta region (3626.5±251.0 Kg/Ha) yielded significantly more
than those planted in the Hills region (2831.4±238.0 Kg/Ha). This is likely due to more
intense management with irrigation, fertility, and pest management practices in the Delta
region compared to the Hills region. The simulated Bt insect management strategy
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resulted in significantly higher soybean yields than the grower check insect management
strategy (Figure 4.5). Throughout the two years of this study, the soybeans in the Delta
locations required approximately one and half insecticide applications on average
compared to the Hills region which averaged one insecticide application. These
applications were primarily for pests such as soybean looper and the stinkbug complex.
In some cases fall armyworm, Spodoptera frugiperda (J. E. Smith), were at treatable
levels, but this was only at two locations in the Hills region and one location in the Delta
region. All insecticides used by the growers were labeled for the specific use and were
based on recommended rates in the Mississippi Insect Control Guide for Agronomic
Crops (Catchot et al. 2016). Even with applications being made based on thresholds for
multiple pest species, additional yield benefits were observed from season long caterpillar
control.
Conclusion
These data demonstrate that the occurrence and densities of insect pest
populations can vary greatly among soybean planting dates. Earlier plantings can help
maximize yield potential by avoiding mid-summer drought conditions during flowering
and pod set (Heatherly 2005a, Heatherly 2005b). In the 2013-2014 planting date study,
soybean yields were greatest for all insect management strategies at the mid-April
planting. This is consistent with multiple planting date studies conducted in the southern
U.S. (Heatherly and Elmore 1986, Heatherly and Spurlock 1999, Heatherly and Elmore
2004, Heatherly 2005a). With the potential for maximizing yields, planting soybean
during the early window is a preferred integrated pest management strategy to avoid late
season insect pest pressure.
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With the large percentage of cultivatable land area dedicated to soybean
production in the southern U.S., early planting dates cannot always be achieved. Factors
such as poor weather conditions, management of planting and harvest capacity,
optimizing planting of other crops, and double cropping behind wheat all contribute to
impact planting dates for soybean. Considering that a percentage of soybeans will be
planted outside of the optimal planting window, understanding the best insect
management strategy to combat late season populations of multiple insect species and
complexes is important. These studies have shown that pests such as bean leaf beetle,
stinkbug, kudzu bug, and soybean looper all occur at the highest densities in late planted
soybean. Of these pests, soybean looper tends to be the most difficult to effectively
manage with foliar insecticides because of its ability to become resistant to insecticides
(Felland et al., 1990, Leonard et al., 1990).
The diamide class of chemistry, such as flubendiamide and chlorantraniliprole
have become the standard for soybean looper control across the southern U.S. Currently,
flubendiamide has lost its registration and will no longer be available, leaving soybean
producers with only chlorantraniliprole in the diamide class of chemistry.
Chlorantraniliprole has had variable control throughout the southern U.S. in the previous
few growing seasons, so much so that North Carolina State University has removed the
diamides from their recommendations for soybean looper. With the current variability in
performance of the diamide class of insecticides, along with resistance to
organophosphates and pyrethroids, the ability to control soybean looper has become
increasingly more difficult. Using automatic insecticide sprays to simulate soybean
varieties expressing a Bt protein, the current study suggests that the most benefit would
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occur for plantings at or after mid-May. The effectiveness of Bt soybean has been shown
in previous studies conducted in Georgia targeting multiple defoliating caterpillar pests
(Walker et al., 2000, MacRae et al., 2005, McPherson and MacRae 2009a, McPherson
and MacRae 2009b) as well as Illinois (Miklos et al., 2007). In those studies, Bt soybean
provided effective control of all caterpillar pests. Where large infestations were
experienced, a significant yield benefit was observed compared to the non-transgenic
soybean. In all of these studies, the same isolines of soybean were used suggesting that
the added yield benefit was likely due to the control of yield limiting defoliating
caterpillars.
Soybean expressing a Bt protein is not warranted on every hectare of soybean
planted in the southern U.S. The real benefit from Bt soybean will be in those soybean
planted at or after mid-May. Bt soybean will be most effective in areas such as the
southern U.S. that has large hectarage of soybean with a wide planting window. This
large planting window leaves later planted soybean more vulnerable to large late season
infestations of yield limiting caterpillar pest that have become increasingly harder to
control. In this window, Bt soybean will be advantageous in adding another control tactic
for growers to combat these difficult to control pests. Soybean producers can avoid many
late season insect pests with planting date, but this is not always possible due to weather
and adverse planting conditions. Bt soybean will be highly effective in late planting
situations giving soybean producers the ability to deal with late season caterpillar pests
such as soybean looper.
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2015-2016 Studies

2015-2016 Studies

2013-2014 Studies
2013-2014 Studies

2013-2014 Studies
2013-2014 Studies
2013-2014 Studies

2015-2016 Studies

2013-2014 Studies
2013-2014 Studies
2015-2016 Studies

---

---

Region

Growth
Stage
Species

Chemical

Common Name

Late-March Planting Date (4 site-years, 3 site-years unsprayed)
7/19/2013
Hills
R6
Stink Bug
Karate Z
λ-cyhalothrin
Mid-April Planting Date (4 site-years, 4 site-years unsprayed)
------------Early-May Planting Date (4 site-years, 4 site-years unsprayed)
------------Early-June Planting Date (8 site-years, 6 site-years unsprayed)
8/29/2013
Hills
R5
Soybean Looper
Belt
flubendiamide
9/13/2013
Hills
R6
Stink Bug
Karate Z
λ-cyhalothrin
Soybean Looper
Intrepid
Methoxyfenozide
8/22/2016
Hills
R5
Kudzu Bug
Discipline
Bifenthrin
9/8/2016
Hills
R6
Stink Bug
Acephate
acephate
Mid-June Planting Date (8 site-years, 3 site-years unsprayed)
8/29/2013
Hills
R5
Soybean Looper
Belt
Flubendiamide
9/13/2013
Hills
R6
Stink Bug
Karate Z
λ-cyhalothrin
Bean Leaf
Thimethoxam + λ9/3/2013
Delta
R6
Endigo ZC
Beetle
cyhalothrin
9/17/2013
Delta
R5
Soybean Looper
Belt
Flubendiamide
Discipline
Bifenthrin plus
9/17/2014
Delta
R6
Stink Bug
plus Acephate
Acephate
Soybean Looper
Intrepid
Methoxyfenozide
8/22/2016
Hills
R5
Kudzu Bug
Discipline
Bifenthrin
9/8/2016
Hills
R6
Stink Bug
Acephate
Acephate

Application
Date

Threshold Insecticide Applications

List of threshold insecticide applications for both small plot studies.

2013-2014 Studies

Study

Table 4.1
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70.1
33.6
46.5 +
34.7
70.1
112.1
454.0
506.8
112.1
454.0

70.1
33.6
506.8
112.1
454.0

---

---

33.6

Rate
(g
ai/Ha)

9/7/2016

Delta

R6

Stink Bug
Soybean Looper

Endigo ZC
Intrepid

Thiamethoxam + λcyhalothrin
Methoxyfenozide
2015-2016 Studies 9/22/2016
Delta
R6
Stink Bug
Acephate
acephate
Early-July Planting Date (8 site-years, 4 site-years unsprayed)
2013-2014 Studies 8/29/2013
Hills
R5
Soybean Looper
Belt
Flubendiamide
2013-2014 Studies 9/13/2013
Hills
R6
Stink Bug
Karate Z
λ-cyhalothrin
2013-2014 Studies
Bean Leaf
Thiamethoxam + λ
9/3/2013
Delta
R5
Endigo ZC
Beetle
cyhalothrin
2013-2014 Studies 9/17/2013
Delta
R6
Soybean Looper
Belt
Flubendiamide
2013-2014 Studies
Discipline
Bifenthrin plus
9/27/2013
Delta
R6
Stink Bug
plus Acephate
Acephate
2015-2016 Studies
9/8/2016
Hills
R6
Stink Bug
Acephate
Acephate
2015-2016 Studies
Thiamethoxam + λ9/7/2016
Delta
R6
Stink Bug
Endigo ZC
cyhalothrin
2015-2016 Studies 9/22/2016
Delta
R6
Stink Bug
Acephate
Acephate
Mid-July Planting Date (4 site-years, 1 site-year unsprayed)
2013-2014 Studies 9/13/2013
Hills
R6
Stink Bug
Karate Z
λ-cyhalothrin
2013-2014 Studies
Bean Leaf
Thimethoxam + λ9/3/2013
Delta
R6
Endigo ZC
Beetle
cyhalothrin
2013-2014 Studies
27
Discipline
Bifenthrin plus
September
Delta
R6
Stink Bug
plus Acephate
Acephate
2013
2013-2014 Studies 28 August
Bean Leaf
Thimethoxam + λDelta
R5
Endigo ZC
2014
Beetle
cyhalothrin
2013-2014 Studies
17
Thimethoxam + λBean Leaf
September
Delta
R6
Endigo ZC
cyhalothrin
Beetle
2014
Applications were made when the listed insect species exceeded treatment threshold.

2015-2016 Studies

Table 4.1 (Continued)
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46.5 +
34.7

46.5
+34.7

112.1
454.0

33.6
46.5 +
34.7

70.1
33.6
46.5 +
34.7
70.1
112.1
454.0
454.0
46.5 +
34.7
454.0

58.1 +
43.4
506.8
454.0

27, 591

27, 591

27, 591

Late March
Mid-April
Mid-May
Early June
Mid-June
Early July
Mid July

Late March
Mid-April
Mid-May
Early June
Mid-June
Early July
Mid July

Late March
Mid-April
Mid-May
Early June
Mid-June
Early July
Mid July
17.57

9.72

3.95

<0.01

<0.01

<0.01

Interaction Statistics
df
F-Value P-Value

Treatments1
Simulated Bt
Threshold
Bug Only
Bean Leaf Beetle
14.3(3.6) f
18.0(5.0) ef
16.6(4.4) ef
20.1(2.5) ef
22.6(3.1) ef
24.2(3.3) ef
27.6(2.3) ef
40.9(3.8) def
36.9(3.4) ef
54.8(5.5) def
64.5(6.5) def
62.7(6.6) def
69.0(10.2) def
77.7(11.8) de
69.4(9.6) def
133.5(20.4) bc
131.9(21.8) bc
126.5(21.0) bc
172.7(39.5) a
128.1(26.9) b
129.6(26.6) b
Stinkbug Complex2
46.2(11.0) ghi
38.8(11.1) hi
48.0(12.4) fghi
20.1(3.9) i
23.9(4.2) hi
24.9(5.0) ghi
20.7(3.4) hi
21.8(4.0) hi
24.8(4.2) ghi
40.1(7.5) defgh
38.3(6.9) efgh
41.6(8.5) defg
60.6(10.6) bc
53.5(7.6) cde
63.2(9.9) bc
56.2(6.4) bc
50.5(4.8) cdef
60.2(7.6) bc
84.6(12.5) a
29.3(4.9) ghi
78.8(10.5) ab
Soybean Looper
0.1(0.1) gh
1.1(0.5) gh
1.3(0.4) gh
0.3(0.1) h
1.2(0.3) h
0.9(0.2) h
0.4(0.2) h
3.3(0.9) gh
3.2(1.0) gh
1.8(0.9) gh
8.3(1.8) fg
11.2(2.0) ef
2.2(0.6) gh
18.2(3.5) cd
15.5(2.1) de
2.5(0.8) gh
25.3(3.9) b
34.7(5.4) a
2.0(0.6) h
21.2(3.4) bcd
24.1(4.8) bc

0.8(0.4) gh
1.1(0.3) h
2.7(0.8) gh
7.7(1.0) fg
19.8(3.9) bcd
25.9(4.0) b
19.6(3.5) cd

49.5(12.1) efghi
22.6(4.7) hi
23.4(4.2) hi
53.0(10.0) cde
84.3(14.8) a
75.5(9.6) ab
78.5(12.4) ab

16.9(4.5) ef
25.2(3.4) ef
35.0(2.6) ef
69.7(7.1) def
87.5(11.8) cd
135.6(23.2) bc
169.3(40.2) a

Untreated Control

Impact of insect management strategies and planting date on densities of bean leaf beetle, the stink bug complex,
soybean looper, and yield for the small plot planting date study conducted in 2013 and 2014 in Starkville, MS and
Stoneville, MS.

Planting Date

Table 4.2
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27,591

18.3

<0.01

3515.5(127.4) cd
4486.1(175.1) a
4039.7(120.6) bc
3642.1(109.8) defg
3620.9(134.3) defg
2818.8(115.0) jk
2231.9(149.7) m

Yield3
3477.2(125.7) cde
4454.8(172.9) a
3870.1(121.0) cd
3489.9(102.9) efgh
3363.3(119.7) gh
2667.8(114.1) kl
2201.7(167.5) m

3524.5(126.6) cd
4467.9(179.8) a
3738.7(141.4) def
3434.5(104.6) fgh
3284.9(158.9) hi
2598.7(117.4) l
2013.8(148.4) mn

3384.1(129.3) cdef
4343.6(154.1) ab
3815.6(143.8) cde
3288.3(95.9) hi
3088.0(124.8) ij
2523.3(105.3) l
1898.0(150.7) n

2

Values in tables are based on seasonal means (±SEM) per 25 sweeps
The stinkbug complex consisted of green, southern green, brown, and redbanded stinkbugs combined together.
3
Yield is expressed as kilograms per hectare.

1

Late March
Mid-April
Mid-May
Early June
Mid-June
Early July
Mid July

Table 4.2 (Continued)
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Interaction Statistics
Pdf
F-Value Value

Simulated
Bt+Threshold

Treatments1

Impact of insect management strategies and planting dates on the densities of kudzu bug, the stink bug complex,
soybean looper, and yield for the small plot late planting study conducted in 2015 and 2016 in Starkville, MS and
Stoneville, MS.

Untreated
Simulated Bt
Threshold
Control
2
Kudzu Bug
Early June
51.8(15.6) bc
68.3(19.7) ab
54.2(15.2) bc
85.9(25.4) a
Mid-June
11, 135
3.43
<0.01
68.6(18.4) ab
71.1(18.6) ab
67.4(17.7) ab
67.7(18.6) ab
Early July
32.6(10.0) c
38.0(11.2) c
31.9(9.8) c
38.6(10.9) c
3
Stinkbug Complex
Early June
7.9(1.9) cd
6.0(1.1) cd
7.0(1.7) cd
5.7(1.2) d
Mid-June
11, 135
3.20
<0.01
16.9(3.4) ab
18.5(3.9) ab
13.7(2.8) bc
17.6(4.1) ab
Early July
13.8(3.9) bc
20.7(6.3) ab
17.2(4.8) ab
22.1(6.7) a
Soybean Looper
Early June
6.6(2.0) de
8.9(2.4) cde
16.3(2.8) abc
17.3(3.8) ab
Mid-June
11, 135
3.06
0.02
16.8(4.5) ab
11.8(2.1) abcde
14.0(3.0) abcd
18.3(3.7) a
Early July
6.8(2.1) de
5.1(1.5) e
7.6(2.0) de
10.6(2.6) bcde
Yield4
Early June
3112.5(167.5) a
2980.7(150.4) ab 2914.6(188.1) ab 2941.6(168.5) b
Mid-June
11, 135
12.61
<0.01
2158.8(174.3) c
2258.1(116.4) c
2297.6(142.4) c
2196.8(146.8) cd
Early July
1939.9(109.6) d
1849.0(126.2) de 1852.6(121.4) de
1713.9(128.6) e
1
Values in tables are based on seasonal means (±SEM) per 25 sweeps
2
Kudzu bug adults and immatures were combined to make up total kudzu bugs which are presented.
3
The stinkbug complex consisted of green, southern green, brown, and redbanded stinkbugs combined together.
4
Yield is expressed as kilograms per hectare.

Planting
Date

Table 4.3
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Figure 4.1

Impact of soybean growth stage and insect management strategy on
defoliation for the small plot late planting study.

Means with same letters are not significantly different (Alpha=0.05).
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Figure 4.2

Impact of planting date on defoliation resulting from insect feeding.

Means with same letters are not significantly different (Alpha=0.05).
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Figure 4.3

Impact of insect management strategy on region for soybean looper in the
large plot study

Means with same letters are not significantly different (Alpha=0.05)
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Figure 4.4

Impact of insect management strategy, region, and growth stage on
defoliation caused by insects feeding

Means with same letters are not significantly different (Alpha=0.05)
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Figure 4.5

Impact of insect management strategy on yield for the large plot study

Means with same letters are not significantly different (Alpha=0.05)
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SUMMARY
Multiple surveys of insect pests of soybean and their arthropod natural enemies
were conducted throughout Mississippi from 2013 to 2016. These surveys consisted of
conducting weekly sweep net samples throughout the reproductive stages of the soybean.
Surveys were conducted based on planting date, to cover the wide planting window that
exists in southern U.S. soybean production. These surveys were used to determine when
soybean are most vulnerable to the occurrence of multiple insect pests as well as to
determine when their natural enemies are most abundant to help with management
strategies.
Insect pests were observed in almost all sample date, growth stages, and planting
date categories. The stink bug complex, soybean looper, and bean leaf beetle were the
most common insect pests encountered. All of these pests tended to be in densities
exceeding action thresholds at the latter sample dates, growth stages, and planting date
categories. In some cases, threshold level densities of stink bug were observed in early
plantings, but were more common in later plantings. All defoliating caterpillar pests
were at their highest densities in late plantings, mostly due to their migratory nature.
Insect pests were observed in over 80% of samples conducted from 2013-2016.
Arthropod natural enemies were observed in almost all sample date, growth stage,
and planting date categories. Spiders, the assassin bug complex, and big eyed bugs were
159

the most common natural enemies observed. In general, natural enemies tended to stay
constant throughout the growing season based on sampling date. More natural enemies
were observed in later growth stages, which is also when the highest densities of insect
pests were observed. Planting date did not have a large impact on natural enemies, but
for some natural enemies densities were highest in late plantings. Natural enemies were
at their highest densities when insect pests were present. Insecticide applications
significantly affected only spiders and total natural enemies. The untreated control and
threshold applications had significantly higher densities of spiders compared to the
selective or broad-spectrum applications. All insecticide treatments resulted in
significantly lower densities of total natural enemies compared to the untreated control.
Studies evaluating at the potential benefit of a soybean expressing a Bt protein
were conducted from 2013 to 2016. In 2013 and 2014, chlorantraniliprole was applied
preventatively to simulate caterpillar free soybean, and this was evaluated against a
threshold only, bug only, and untreated control insect management strategies over
multiple plantings of soybean ranging from late-Mar to mid-Jul. Soybean looper, the
stink bug complex, and bean leaf beetle were the only insect pests to reach action
thresholds. Other than the late-Mar planting in 2013 that reached action threshold for
stink bug, the only plantings to reach action threshold were the early-Jun, mid-Jun, and
early-Jul plantings. The simulated Bt insect management strategy resulted in
significantly higher yield than the bug only treatment insect management strategy at the
mid-May planting. The simulated Bt and threshold insect management strategies resulted
in significantly higher yield than the untreated control and the bug only insect
management strategy for the early-Jun, mid-Jun, early-Jul, and mid-Jul plantings.
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Based on data from the 2013 and 2014 studies, a similar study using
chlorantraniliprole to simulate a soybean expressing a Bt protein were conducted for late
plantings during the 2015 and 2016 studies. The 1 Jun, 15 Jun, and 1 Jul plantings were
used during these studies. The simulated Bt insect management strategy was compared
to a threshold only, a simulated Bt plus threshold, and untreated control insect
management strategy. Kudzu bug, the stink bug complex, and soybean looper were the
only insect pests that reached action threshold. Yield response was variable with the
stimulated Bt plus threshold insect management strategy yielding significantly higher
than the untreated control insect management strategy at the 1 Jun and 1 Jul plantings.
No other insect management strategy yield differences were observed. These results are
possibly due to insufficient control of soybean looper with chlorantraniliprole.
Large plot studies on grower fields were conducted in 2015 and 2016, to evaluate
the potential of Bt soybean to standard growing practices. These studies were conducted
throughout Mississippi at 23 locations split between the Hills and Delta regions. The
simulated Bt insect management strategy significantly out yielded the grower standard.
Throughout the studies conducted from 2013 to 2016, higher densities of insect
pests were observed in late plantings. This indicates that late plantings would be where
the greatest benefit of soybean expressing a Bt protein would be observed. With certain
pests such as soybean looper having known resistance to multiple insecticide chemistries,
as well as the failures observed during the late planting studies in 2015 and 2016, Bt
soybean could have an immediate impact on insect control strategies in soybean. Bt
soybean would be most beneficial in late planted situations where the occurrence of late
season high populations of pests such as soybean looper occur.
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